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NOMENCLATURE OF THE VITAMINS 


Vitamins, the essential organic catalysts 
of our daily diets, are almost exclusively 
products of contemporary research. During 
the forty years since F. G. Hopkins (The 
Analyst 31, 385 (1996); J. Physiol. 49, 
425 (1912)) took cognizance of certain 
“accessory factors” in the diet which were 
required in addition to minerals, fats, pro- 
teins, and carbohydrates, the list of these 
factors has grown steadily, representing an 
ever more important field of interest in 
biochemistry, physiology and medicine. 
Paralleling the extraordinary activity in 
this field, however, much overlapping and 
some confusion have arisen in the nomen- 
clature of these compounds. The present 
article is written to relate many duplicat- 
ing names which have appeared, and to 
furnish an up to date account of the nomen- 
clature of the better recognized vitamins and 
other growth factors. 

Hopkins’ modest title of ‘‘accessory fac- 
tor” was early changed to ‘‘vitamine’’ by 
C. Funk, who emphasized the importance 
of these compounds to life, meanwhile 
referring to his belief that the antiberiberi 
compound was an amine (J. State Med. 
20, 341 (1912)). In later years, as it became 
evident that not all of the ‘‘vitamines’’ 
were amines, the final ‘‘e’’ was dropped by 
some authors, and new terms arose which 
attempted to relate this important group 
of substances to other properties. Thus, the 
expressions ‘‘advitant,” ‘exogenous hor- 
mone,” “biocatalyst,” ‘“ergin,’ ‘“‘ergon,” 
“nutrilite,”’ and ‘“‘catalin’”’ have appeared. 
Of these, “biocatalyst” and ‘‘nutrilite” 
remain in common usage, partly to convey 
special functional or environmental meaning 
(a nutrilite is a ‘‘vitamin” for any organism, 
whereas vitamins as such are now generally 
regarded as dietary essentials for higher 
animals only). 





Although Eijkman, and more especially 
Funk, may properly be credited with having 
furnished the vitamin concept of disease 
(‘Die Vitamine,” 
(1914)), the actual nomenclature of vitamins 
was begun by T. B. Osborne and L. B. Men- 
del (J. Biol. Chem. 20, 379 (1915)) and 
E. V. McCollum and M. Davis (/bid. 23, 
181 (1915)). As a result of their sugges- 
tions, and later those of J. C. Drummond 
(Biochem. J. 14, 660 (1920)), the fat- 
soluble antixerophthalmia vitamin was la- 
beled A, the water-soluble antiberiberi sub- 
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stance was called B, and the antiscorbutic 
principle, C. New deficiency diseases, cur- 
able by specific (and seemingly new) con- 
centrates were added, and the vitamins 
responsible for their control were given 
successive letters of the alphabet: D for 
the antirachitic compound, FE for the anti- 
sterility vitamin. G and J were added in this 
manner, although A found its place in 
sequence fortuitously; the initial refers to 
the anticoagulation vitamin (German: Ko- 
agulation). To this vitamin thus falls the 
distinction of being the first to possess a 
correlation between name and _ properties. 
Others in this class are H, which refers to 
denudation of the skin which occurs during 
deficiency (German: H = Haut (skin)); 
L, for lactation factor; MW, a vitamin for 
monkeys; and P, which prevents excessive 
cell permeability. 

As H. R. Rosenberg (‘“‘Chemistry and 
Physiology of the Vitamins,” /nterscience 
Publishers, New York (1945)) has pointed 
out, further development in the nomen- 
clature of the vitamins resulted in some con- 
fusion. This was due in part to differences 
in the use of subscript numbers: with the 
fat-soluble vitamins (A;, A», etc.) these 
related to physiologically similar or identical 
vitamins. On the other hand, what was 
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originally called vitamin B is now known 
as the “B complex,’ and the numbers B, 
to By, refer to substances which bear little 
or no resemblance to one another in their 
physiologic action. Even greater confusion 
arose from the fact that in the decade 1930 
to 1940, microorganisms began to be used as 
test subjects for measuring vitamin deficien- 
cies. As a result the tempo of research was 
greatly increased, and several vitamins were 
isolated and characterized. Some of these 
originally were named as fractions from 
“Bios,” a mixture of substances that stimu- 
lated yeast growth. Later, when the struc- 
tures became known, these vitamins were 
given chemical names which usually bore 
no reference either to “Bios” or (in certain 
cases) to animal deficiency diseases that had 
been independently and _ for 
which the ascending nomenclature had been 
used. Much later, it was found, for example, 
that the well-known pantothenic acid was 
probably identical with vitamin B;, and 
nicotinic acid with B;. These points are 
demonstrated often in the following sum- 
mary. 

A, including Ay, As, 


discovered 


Az, etc. These are 
chemically and physiologically similar forms 
of the antixerophthalmic vitamin. A; and 
A» are the common forms. A, predominates 
in terrestrial vertebrates and marine fishes; 
A» in fresh-water vertebrates. 

B, (thiamine). The original water-soluble 
B, the antiberiberi vitamin. 

B. (riboflavin). This vitamin was also 
known for several years as vitamin G, in 
honor of Goldberger, a pioneer in the study 
of human deficiency diseases. Pantothenic 
acid also bore this designation briefly. 

B,;. This heat-labile factor, necessary for 
pigeons, is probably identical with panto- 
thenic acid, which has also been known as 
the chick pellagra factor and the filtrate 
factor. 

B,. Alternately described as a mixture 
of arginine and glycine, or of riboflavin 
and Be. 
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B;. A factor for pigeons, probably identi- 
eal with nicotinic acid. 

Bs (pyridoxine; rat acrodynia factor). 
Also includes the aldehyde and amino forms 
(pyridoxal, pyridoxamine) which are prob- 
ably the active forms of the vitamin. 

B; or vitamin I. Name given to a rice 
polish extract which prevented digestive 
disturbances in pigeons. Further identity 
unknown; probably a mixture of 
nutrilites. 

B,. Name given to adenylic acid, a par- 
ticipant in phosphate transfer systems in 
many types of organisms. Adenylic acid is 
not usually classified as a vitamin, however, 
since in addition to its catalytic activities, 
it also enters into structural units in cells 
(nucleic acids). 


other 


By. Unused; this number was skipped be- 
cause at the time By and By (see below) 
were announced, nine B vitamins were al- 
ready recognized. Some of these bore chemi- 
cal names descriptive of their structures, 
and had not been assigned alphabetic po- 
sitions. “ 

By and By. Reported chick feathering and 
chick growth factors, respectively. Prob- 
ably a mixture of the folic acids and Bie 
(see below). 

By. Also known as APF (the ‘‘animal 
protein factor” (or factors); the antiperni- 
cious anemia principle). The structure of this 
Vitamin is not yet known. Several related 
compounds exist, including By, ., ¢ and a. 
Of these By, and By», are believed to be 
identical. 

By;. This as yet uncharacterized vitamin, 
discovered in distillers’ dried solubles, pro- 
motes growth of rats. It is probably similar 
or identical to several other recently de- 
scribed factors, 


including protogen, the 


pyruvate oxidation factor, and a factor re- 
quired for the formation of acetate. 

By. Originally announced as a metabolite 
of xanthopterin (related to folic acid). This 
announcement, however, appears to have 
been premature. 
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B,.. Another name for folacin (folie acid), 
so designated because it was found active 
for chicks. 

BR. A having 
activity for chicks, replaceable by manga- 
nese and choline. 

B,. A growth factor for insects (Tenebrio) 
which 


preparation antiperosis 


is broadly distributed in animal 
tissues. 

B,, By, are terms which have appeared 
briefly in the literature. The first applied to 
biotin, the second alternately to panto- 
thenie acid and para-aminobenzoic acid. 

B vitamins which are known chiefly or 
exclusively by their chemical names are: 
niacin (nicotinic acid; P-P factor), panto- 
thenic acid (filtrate factor), biotin (vitamin 
H; Bios II; coenzyme R), inositol (inosite; 
Bios 1), para-aminobenzoic acid, and the 
pteroylglutamates (folacin; the folic acids; 
vitamin B, and its conjugates; vitamin MM). 

C (ascorbic acid; cevitamic acid). The 
antiscorbutic vitamin. 

D, including Ds, D;, Dy, ete. These are 
chemically related sterols possessing anti- 
rachitie activity. De» (calciferol; viosterol; 
irradiated ergosterol) and Ds (irradiated 
7-dehydrocholesterol) are the commonest 
forms. 

E. The E vitamins include alpha-, 
beta-, and gamma-tocopherol, all of which 
occur naturally. Besides these, over fifty 
related compounds that have been syn- 
thesized in the laboratory also possess E 
activity. These are characterized by pre- 
vention of sterility, as well as muscular 
dystrophy, in experimental animals. 

F. An obsolete designation for essential 
fatty acids (linoleic, linolenic, and arach- 
idonic). Also an term for 
vitamin Bi. 

G, H, I. (See riboflavin (Bz), biotin, and 
B;.) 

J. Also called vitamin C2; this has been 
postulated as an antipneumonia principle. 

K. Besides the naturally occurring vita- 
mins K, and Ko, about a hundred other 


abandoned 
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related synthetic compounds have been 
prepared. All possess anticoagulation prop- 
erties. 

Ly, Le. Factors from yeast and liver which 
are reported to be related to anthranilic 
acid and adenosine, respectively; necessary 
for normal lactation. These factors have not 
been purified or further characterized. 

M. Folacin; the folic acid group; pteroy!- 
glutamates. Factors needed for the pre- 
vention of anemia and leucopenia in mon- 
keys. 

N. An obsolete term for a nutritional 
factor or factors from brain or stomach tis- 
sue, reported to inhibit cancer growth. Fur- 
ther identity unknown; probably a mixture. 

P (citrin). A 


group of “permeability 


factors.””’ This name is given to a crude 
extract containing several physiologically 
active glucosides, such as hesperidin§ or 
rutin, which decrease capillary fragility. 
Their existence as dietetic factors, however, 
is subject to question. 

T. A group of factors from termites, 
veasts, and molds which are reported to im- 
prove assimilation of protein in rats and to 
produce gigantism in insects. 

The letters R, 8, U, V, W, and X were 
assigned to tissue preparations which pro- 
moted bacterial growth. 8, W, and X prob- 
ably refer to biotin; R and U (also S) to 
the folic acid group, and V to DPN, the 
nicotinamide 

Factor Y is probably identical with vita- 
min Be. 

Choline, the antiperosis agent for poul- 
try, and inositol (“Bios I’) have doubtful 


coenzyme. 


status as vitamins since they may also 
serve as parts of structural units within 
cells (phospholipids; inositol phosphatides). 
Choline, particularly, appears to function 
both in catalytic and noncatalytic fashion. 
Examples of the latter are observed where 
choline serves as a substrate for metabolic 
reactions, vielding methyl groups to suitable 
acceptors in the cell. Under conditions where 


these methyl groups are not replaced, choline 
’ 
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cannot be properly classified as a catalyst 
molecule. 

The reader may be surprised in going over 
the above list to observe that virtually every 
letter of the alphabet has been used to de- 
scribe various nutrilites. Although many of 
the terms indicated are no longer used, it 
appears unlikely that they will ever again 
be used to describe factors which are yet to 
be discovered. It is probable that the no- 
menclature of the future will be directed 
more toward descriptive chemical or bio- 
chemical terms. It seems a virtual certainty 
that the list of recognized growth factors 
will continue to expand; several new sub- 
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stances which have been discovered, but are 
as yet uncharacterized, are in line to be 
added. Two of the most important of these 
are the citrovorum factor, a relative of folic 
acid, and protogen (see Bi; above). Even 
beyond this, no limit is yet in sight, for the 
continued availability of new growth factors 
in pure form makes possible the further re- 
finement of experiments, which in turn ex- 
pose to view those metabolites that are at 
present obscured. 

VeRNON H. CHELDELIN 

Oregon State College 

Corvallis, Oregon 


ESSENTIAL FATTY ACIDS IN THE CHICK 


Few studies of the role of fat in chick diets 
have appeared; the available evidence has 
indicated, however, that dietary fat is not 
required for egg production, egg hatchabil- 
ity, or growth of young chicks (W. C. Rus- 
sell, M. W. Taylor and L. J. Polskin, J. 
Nutrition 19, 555 (1940)). A study by R. 
Reiser (Ibid. 42, 319 (1950)), carried out at 
the Texas Agricultural Experiment Station, 
indicates that under appropriate conditions 
an acute deficiency syndrome due to lack of 
fat in the ration can be observed in the chick. 

White Leghorn cockerels were placed on a 
fat-free ration based on sucrose, purified 
soybean protein supplemented with methio- 
nine and glycine, minerals, and the known 
vitamins. Fat-soluble vitamins 
solved in Tween 20 (a water-soluble emul- 
sifying agent containing esterified lauric 
acid) and fed as a separate supplement in an 
effort to avoid complications resulting from 
possible nonabsorption of these compounds 
in a fat-free ration. Of 78 chicks started on 
this ration, over half were dead after two 
weeks. Only 10 (13 per cent) survived a four 
week period; these averaged only 99 g. in 
weight. By contrast, of 43 cockerels fed the 
same ration supplemented with 4 per cent. of 
cottonseed oil, 30 (70 per cent) survived a 


were dis- 


four week period; these weighed an average 
of 198 g. When 99 similar chicks were fed 
a commercial starter mash, 88 per cent sur- 
vived the test period, and had an average 
weight of 189 g. Thus, the cottonseed oil 
supplement fully remedied the lack in the 
basal diet over this time interval. Lard had 
an effectiveness similar to that of cotton- 
seed oil, both supplements being very effec- 
tive at either the one or four per cent level. 
In contrast, methyl palmitate or a saturated 
fat, bayberry tallow, were of no value in 
permitting survival or growth, thus showing 
that the effect was not due to fat alone. 

In a further test, eggs from hens fed the 
fat-free ration (modified by substitution of 
egg albumen for the soybean protein) for 
fifteen weeks were hatched. Several of the 
resulting chicks continued on the fat-free 
ration, and others on a cottonseed oil-sup- 
plemented ration. Photographs of chicks 
from the two rations at the end of four weeks 
show an extreme contrast in favor of the 
oil-supplemented group in both size and gen- 
eral condition. Chicks from the deficient 


group exhibited an edematous condition in 
which the subcutaneous layers had the ap- 
pearance of a clear jelly. 

The author concludes that polyunsatu- 
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rated fatty acids are essential nutrients for 
the growth of chicks. Although the conclu- 
sion appears justified, it must be pointed 
out that no specific preventive or curative 
effects of pure linoleic or other unsaturated 
fatty acids was demonstrated. The evidence 
is thus limited to demonstrating that cotton- 
seed oil and lard had the favorable effects, 
whereas methyl palmitate or a saturated 
fat did not. However, the conclusion appears 
further substantiated by studies of a quanti- 
tative nature reported by the same author 
(R. Reiser, J. Nutrition 42, 325 (1950)). In 
these, the effects of feeding a fat-free ration 
alone or supplemented with bayberry tal- 
low, olein, cottonseed oil (Wesson oil), linole- 
ate, or linoleate plus linolenate on the distri- 
bution of fatty acids in the carcass and organ 
lipids were determined. The detailed analyti- 
‘al data show that on the fat-free ration the 
organ lipids retain polyunsaturated fatty 
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acids more tenaciously than the carcass 
lipids, and phospholipids more tenaciously 
than neutral fats. These data confirm the 
conclusions from the growth experiments in 
indicating that chicks cannot synthesize 
doubly or triply unsaturated fatty acids (7.e., 
of the type of linoleic and linolenic acids). 
Given the latter, however, more highly un- 
saturated fatty acids can be synthesized; 
similarly, if fats containing highly un- 
saturated fatty acids are supplied (e.g., cod 
liver oil), these can apparently be partially 
hydrogenated since doubly unsaturated fatty 
acids then appear in the tissues. 

This ability of the chick to both partially 
desaturate some fatty acids and partially 
saturate others confirms results in other spe- 
cies, and renders even more remarkable the 
specific lack of ability to form the specifically 
essential fatty acids. What essential role the 
latter play in metabolism is still not known. 


STORAGE OF IRON IN THE BODY 


Although various aspects of iron metabo- 
lism have been well studied in both animals 
and man, storage iron has received very 
little attention. It is known that iron is 
stored intracellularly in a protein complex 
as ferritin and hemosiderin. When iron is 
needed in the formation of hemoglobin, it 
is mobilized from these tissue iron com- 
pounds. Since it is difficult for even severely 
iron deficient individuals to absorb more 
than 5 mg. of iron a day from a normal 
diet, the necessity for the body to store iron 
is obvious. Iron stores appear to accrue only 
over a long period of time, and when de- 
pleted are replaced slowly. Thus the resili- 
ency of the organism in meeting emergencies 
involving iron metabolism depends to a large 
extent on an ability to maintain suitable 
iron stores. 

C. A. Finch et al. (Blood 5, 983 (1950)), 
on the basis of experimental and clinical 
observations and a review of the literature, 
have developed a concept of the behavior of 


storage iron in relation to body iron metabo- 
lism. Several species of animals and a variety 
of experimental technics were employed to 
evaluate the functional state of storage iron 
under various conditions. Dogs were em- 
ployed to determine the localization of stor- 
age iron and its availability for hemoglobin 
production. Increases in total carcass iron 
were measured in mice. Rats were used for 
studies of tissue localization of radioactive 
hemoglobin and tagged erythrocytes. Radio- 
autographs of rat tissues were used to deter- 
mine cell localization of injected iron. The 
organs of patients with transfusion or idio- 
pathic hemochromatosis were analyzed for 
their iron content. 

In dogs a value for normal storage iron 
may be derived by the comparison of the 
perfused carcass of a normal animal with an 
animal rendered iron deficient, since in a 
phlebotomized animal all available iron will 
have been extracted from the tissues in an 
attempt to overcome the induced anemia. 
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Such studies indicate that storage constitutes 
approximately 20 per cent of the total body 
iron. All but about 5 mg. of the average 87 
mg. of iron in the liver are available for 
hemoglobin production. A similar propor- 
tional amount of spleen iron is available for 
hemoglobin production. Small but variable 
amounts of hemosiderin were seen histo- 
logically in the reticuloendothelial cells of 
the spleen and bone marrow of normal dogs. 
In some animals, none was visible despite 
the presence of appreciable iron as deter- 
mined by chemical analysis. No iron was 
demonstrated histologically in parenchymal 
cells although it is likely that in these ani- 
mals much of the iron was distributed dif- 
fusely in these cells as ferritin. Histologic 
and chemical data indicated somewhat 
higher concentration of iron in the spleen 
than in the liver in these animals. Due to 
the respective size of these organs, however, 
total storage iron was about eight times 
greater in the liver. 

Iron in the lumen of the gastrointestinal 
tract is absorbed and temporarily stored in 
the epithelial cells of the mucosa as ferritin 
and perhaps hemosiderin. This iron then 
enters the metabolic pool of body iron by 
way of the serum iron-binding protein. 

The regulation of iron absorption is in 
some way dependent on the body needs for 
iron. Absorption is greatly increased when 
iron deficiency anemia is produced in experi- 
mental animals or man. The absorbed iron in 
iron deficiency anemia, however, is utilized 
for erythropoiesis. After the demand of the 
bone marrow is met, the accelerated absorp- 
tion of iron stops and the depleted reserves 
are built up exceedingly slowly. Thus the 
organism under most circumstances has a 
remarkable ability to defend itself against 
iron excess. It is possible, however, to over- 
come this so-called mucosal block by alter- 
ing the composition of the diet. Studies of 
excess absorption of iron under such circum- 
stances revealed that in such animals there 
Was an increase in plasma iron with complete 
saturation of the iron-binding protein in sev- 
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eral weeks. Liver iron, determined chemically, 
increased before an increase in hemosiderin 
was observed microscopically. Thereafter, 
progressive hemosiderosis was visible in 
both parenchymal and _ reticuloendothelial 
systems. Along with iron deposition in the 
liver parenchyma, the reticuloendothelial tis- 
sue of spleen and macrophages throughout 
the body showed deposits of iron. Eventu- 
ally other parenchymal tissues showed iron 
deposits, including duodenal mucosa, Brun- 
ner’s glands, the outer zone of the adrenal, 
proximal tubules of the kidney and acinar 
tissue of the pancreas. 

Since iron is essentially a ‘‘one-way sub- 
stance”’ with little excretion, its introduction 
parenterally resulted in an absolute increase 
in storage iron proportionate to the amount 
of iron given minus the amount which was 
used for blood production. The distribution 
of injected iron was influenced somewhat by 
the form in which it was given, the total 
amount given, and the time allowed to lapse 
before the examination. Intravenously in- 
jected, easily dissociable iron was deposited 
particularly in the reticuloendothelial cells 
of the spleen, around certain blood vessels, 
in the periphery of lvmph follicles, in the 
periportal parenchymal tissue of the liver, 
in the convoluted tubules of the kidney, and 
the acinar tissue of the pancreas. Thus the 
uptake by parenchymal tissue was rather 
heavy. The authors speculate that the tox- 
icity of easily ionizable iron preparations 
when given in amounts exceeding the iron- 
binding capacity of the serum may be re- 
lated to this excess uptake by parenchymal 
cells. Following the injection of poorly dis- 
sociable iron compounds such as iron as- 
corbate, iron ascorbate gelatin, and iron sac- 
charide, massive amounts of iron were seen 
in the reticuloendothelial tissue of the body. 
The macrophages of all tissues, particularly 
in the lymph nodes at the base of the liver, 
were heavily laden with iron. In the biliary 
epithelium and in the gall bladder epithe- 
lium, hemosiderin granules were prominent. 
To 2 dogs injected with nonisotopic iron, 
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radioiron was given at the onset of the ex- 
periment. One year later, when the dogs 
were sacrificed, this radioiron which had 
originally been incorporated into hemoglobin 
was found mainly in the splenic tissue. Thus 
when the radioactive red cells were broken 
down little of the iron was reutilized because 
of the massive amount of nonradioiron which 
had been injected in the meantime. The 
radioactive iron from red cells, therefore, 
would tend to remain deposited in the area 
of breakdown, and the increased concentra- 
tion in the spleen is a reflection of the ac- 
tivity of this organ in blood destruction. 
Following the intravenous injection of red 
cells and hemoglobin solutions, the iron was 
localized mainly in the reticuloendothelial 
cells, particularly in the spleen. Free hemo- 
globin was also localized in the kidney. 
From the observations mentioned above, 
as well as others included in this comprehen- 
sive article but not discussed in this brief 
review, certain general statements concern- 
ing the interpretation of iron stores, espe- 
cially excessive iron stores, can be made. 
All intracellular ferritin and hemosiderin iron 
is apparently available for hemoglobin pro- 
duction should the need arise. This is also 
true of the iron in the liver of patients with 
idiopathic hemochromatosis. Storage iron 
may be increased as tlre result of a decrease 
in the circulating red mass. Thus, with the 
development of any anemia other than iron 
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deficiency anemia, there is a transfer of iron 
from the circulating blood to the tissues. 
This occurs without change in the total 
body iron since iron excretion is negligible. 
An absolute increase in body iron occurs as 
a result of an increased iron intake. In die- 
tary or idiopathic hemochromatosis, there is 
a progressive absorption of iron beyond the 
needs of the body. Experimentally, ex- 
tremely large doses of iron, a very low phos- 
phate content of the diet, and ligation of the 
pancreatic ducts would all seem capable of 
producing increases in body stores of iron. 
Massive deposits of iron may also occur 
following the administration of many trans- 
fusions or the injection of iron. The initial 
distribution with these different routes of 
administration may be quite different. How- 
ever, internal redistribution of iron is con- 
stantly taking place, so that morphologically 
the end result of iron intake from transfu- 
sion and that from the diet and idiopathic 
hemochromatosis may be indistinguishable. 
One of the functions of the liver would ap- 
pear to be the regulation of the level of serum 
iron. Where the capacity of the liver to 
store iron is exceeded the serum iron in- 
creases, and secondary tissue receptors begiu 
to fill with iron. That iron in large amounts 
is toxic to tissues is suggested by the occur- 
rence of fibrosis in the organs most heavily 
laden with iron. 


RELATION OF EXPERIMENTAL ARTERIOSCLEROSIS TO THE 
DISEASE IN MAN 


Investigations designed to increase our 
knowledge of the pathogenesis and of the 
treatment of arteriosclerosis have proceeded 
along two important lines: (1) attempts to 
produce the disease in animals and (2) docu- 
mentation of the natural history of the dis- 
ease in man. The extent to which the arterio- 
sclerotic lesions in animals can be considered 
to be experimental counterparts of the hu- 


man disease is still widely discussed (Vutri- 
tion Reviews 8, 74 (1950); 9, 167 (1951)). 
Experimental arteriosclerosis has 
produced in several animal species such as 
the chicken, rabbit and dog (\Vutrition Re- 
views, loc. cit.) and in the monkey (/bid. 
7, 254 (1949)). The lesions in animals are 
usually induced by feeding a diet relatively 
high in cholesterol and are associated with a 


been 
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prolonged rise in blood cholesterol concentra- 
tion. 

R. Altschul (Am. Heart J. 40, 401 (1950)) 
confirmed a previous report of his that a 
high cholesterol diet will induce arteriosclero- 
sis in the golden hamster and the guinea pig. 
In this recent study golden hamsters were 
fed a diet composed of milk and dried egg 
yolk powder for from fifty-three to one hun- 
dred and thirty-three days. A few died, the 
remainder were killed. Of the 10 animals 
available for study, 9 had foam cells in the 
aortic intima. The tenth animal showed in- 
timal changes with foam cells in many ves- 
sels, but none in the aorta. In some instances 
the foam cells accumulated in such masses 
that they formed typical atheromata, some 
of which contained calcium. The coronary 
vessels were affected in only one animal and 
occasionally skeletal muscle blood vessels 
were affected. The kidney showed hyaline 
degeneration of the vascular tufts and at 
times foam cells were found in the kidney 
glomerular endothelium. Several animals 
showed excessive foam cell accumulation in 
the spleen. The parenchymal cells of the 
liver were quite normal, but, foam cells were 
scattered throughout the organ and were 
thought to be Kupffer cells loaded with 
cholesterol. The adrenal cortex showed a 
moderate increase in cholesterol but no typi- 
cal foam cells. Foam cells were often seen 
in the lung alveoli of the hamsters. Although 
not reported in detail, guinea pigs, presum- 
ably maintained on a similar diet of milk 
and dried egg volks, also developed arterio- 
sclerosis. In both species, not only were there 
collections of foam cells, but changes in the 
intima were observable which were thought 
by the authors closely to resemble arterio- 
sclerosis in man. 

The production of arteriosclerosis in dogs 
requires not only the feeding of high choles- 
terol diets but the administration of thioura- 
cil in addition (A. Steiner, F. E. Kendall, 
and M. Bevans, Nutrition Reviews 8, 74 
(1950)). More recently the early lesions of 
have been studied 


canine arteriosclerosis 
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(Bevans, J. D. Davidson, and L. L. Abell, 
Arch. Path. 51, 278 (1951)). Thirty young 
pups (4 months of age) were allowed to 
consume ad libitum commercial dog cakes, 
which were moistened with milk and which 
contained in addition 5 per cent cholesterol 
and 0.6 g. of thiouracil daily. The pups were 
then killed at intervals of from one to six 
months and the aortas and other blood ves- 
sels examined. Fecal analysis indicated that 
from 60 to 80 per cent of the cholesterol 
was absorbed. Blood serum cholesterol con- 
centration, which was determined every two 
weeks, rose rapidly to close to 1000 mg. per 
cent approximately one month after initia- 
tion of the high cholesterol diet. The authors 
noted that “to maintain high levels the dogs 
must be in perfect health, have plenty of 
exercise and be eating well. Hot weather, 
fleas, worms, mange and even loneliness’ 
were found to lead to lower cholesterol levels. 
The high cholesterol levels in the healthy 
dogs were thought perhaps to be related to 
an increased food intake over that of the 
dogs in poor condition. Within a week after 
removal of the extra cholesterol and thioura- 
cil from the diet, the serum cholesterol con- 
centration was back to or near normal. For 
example, in one dog a concentration of 1500 
mg. per cent of cholesterol fell to 200 mg. 
per cent in this period of time. 

The earliest lesions in the blood vessels 
appeared after about two months. The le- 
sions were similar to those seen in the older 
dogs studied previously, but were less 
marked and did not have as much intimal 
reaction. For this reason the lesions were 
less similar to the lesions in older dogs than 
to those in man, although the distribution 
was essentially the same. 

An interesting analysis of the lipid con- 
tent in normal and arteriosclerotic human 
aortas is reported by R. C. Buck and R. J. 
(Arch. Path. 61, 224 (1951)). 
Thirty-one aortas were removed from males 
with ages distributed from birth to 85 years. 
The aortas were opened, washed and ob- 
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They were then cut into sections so that at 
least one piece looked essentially normal 
while others showed varying degrees of 
atherosclerosis. A total of 59 pieces of aorta 
were so examined. For each, sections were 
made in a routine fashion and stained with 
hematoxylin and eosin, and other stains 
when necessary. The remaining portions of 
ach aorta were then analyzed chemically 
for lipid content. These included total lipid, 
total, free and esterified cholesterol, total 
phospholipid, cephalin, lecithin, sphingo- 
myelin, and natural fat. No effort was made 
to separate the intima from the media so 
that the entire thickness of the aorta was 
considered together. 

The normal appearing aortic sections 
showed a linear increase with age in total 
cholesterol and its ester, and total phospho- 
lipid (which was due to sphingomyelin). The 
cholesterol esters increased somewhat faster 
with age than did the total cholesterol con- 
tent. No change was found for the cephalin 
or lecithin content of the aorta during this 
span of vears. 

The areas in the aorta showing atheromata 
had an increased concentration of total lipid, 
total cholesterol, total phospholipid and neu- 
tral fat. The increase in phospholipid was due 
to sphingomyelin and to lecithin. The cepha- 
lin content appeared to be unrelated to the 
severity of the disease. Seventeen of the 
aortic sections were arranged according to 
the degree of atheromata and it was found 
that the cholesterol ester content diminished 


in proportion to the free cholesterol from a 
ratio of 1.4:1 to 0.4:1 from the least to the 
most severely affected sections. 

It was evident that there was an increase 
in aortic lipid with age quite unrelated to 
the presence of atherosclerosis. The addi- 
tional increase in lipid in the areas affected 
by atherosclerosis was called ‘atheroma 
lipid” by the authors, and its concentration 
was found to be quite independent of age. 
As noted above, the relation of free ester 
cholesterol was related to the degree of ather- 
omatosis. Phospholipid, on the other hand, 
was fairly constant in proportion, making 
up about 10 per cent of the ‘‘atheroma 
lipid.’’ Neutral fat made up about 32 per 
cent of the total lipid. Cephalin was not a 
part of the ‘‘atheroma lipid’ per se so that 
the phospholipid was made up almost en- 
tirely of lecithin and sphingomyelin, the lat- 
ter being present in greatest concentration 
(average 66 per cent). 

The prominence of lipid accumulations in 
human atherosclerosis and the known lipo- 
tropic effect of choline have suggested the 
use of choline as a therapeutic agent in the 
treatment of the human disease. The results 
of a study by L. M. Morrison and W. F. 
Gonzales (Nutrition Reviews 8, 203 (1950)) 
suggested a significant reduction in the mor- 
tality from coronary atherosclerosis by cho- 
line therapy. It was pointed out in the review 
that caution needs to be exercised in accept- 
ing these as final results. 


PREVALENCE OF SCURVY DURING INFANCY 


Although scurvy is no longer one of the 
common scourges of infancy in this country, 
it still occurs. Both the early recognition 
of the etiology of this disease and the fact 
that it produces changes in the bones which 
may be studied by the roentgenologist have 
contributed to widespread recognition of the 
more advanced cases and their prevention 
and treatment. However, the classical signs 


and symptoms of scurvy in infancy manifest 
themselves only when the disease is fairly 
far advanced. While measurement of the 
ascorbic acid concentration in plasma and 
in the white blood cells, and the use of ap- 
propriate loading tests have contributed to 
our knowledge of the clinical biochemistry 
of ascorbic acid, especially during experi- 
mental production of this deficiency in the 
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human adult, microscopic examination of 
the bones permits detection of the pathog- 
nomic lesions of infantile scurvy before clin- 
ically detectable changes have occurred. 

R. H. Follis, E. A. Park, and D. Jackson 
(Bull. Johns Hopkins Hosp. 81, 569 (1950)) 
have reported their experience with scurvy 
in children coming to autopsy. Their ma- 
terial consists of one or more bones, usually 
including one or more of the ribs, from each 
of a consecutive group of 1303 children rang- 
ing from 1 day to 2 years of age who died 
between 1926 and 1942. Since chemotherapy 
and antibiotics were not available during the 
greater part of that time, this series includes 
many infants who succumbed to acute ill- 
nesses which, at the present time, would not 
be expected so often to result in a fatal 
outcome. 

The criteria used in making the diagnosis 
of scurvy by histologic examination are 
clearly outlined and illustrated. These con- 
sist of microscopic fractures of the calcified 
cartilagenous matrix, which occur at differ- 
ent levels because they occur at different 
times. Various degrees of healing may also 
be observed. The classical picture of abso- 
lute scurvy seen in the experimental animal 
almost never is observed in human material. 
Severe rickets may completely obscure the 
histologic changes of scurvy. 

The diagnosis of scurvy was made in 69 
instances. Except for one case, which was re- 
garded as one of congenital scurvy, they were 
between 2 and 18 months old. All but 10 of 
the cases occurred between 5 and 11 months 
of age. This age incidence is practically iden- 
tical with that reported for a large group of 
infants in whom the diagnosis was estab- 
lished on clinical grounds (Nutrition Reviews 
5, 90 (1947)). The incidence of scurvy was 
independent of race or prematurity. 

The relationships between the type of 
feeding employed during infancy, the ad- 
ministration of vitamin C, and the incidence 
of scurvy were studied in the group of 339 
infants aged 5 to 11 months. No diagnosis of 
scurvy Was made in the 58 infants who had 
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been fed wholly or partially at the breast. 
Among 155 infants fed cow’s milk exclusively 
or breast milk for varying periods followed 
by cow’s milk this diagnosis was made 51 
times. This feeding history was unknown in 
26 instances, including 7 cases of scurvy. A 
negative correlation between vitamin C ad- 
ministration as best judged from the avail- 
able history and the incidence of scurvy was 
found for the group fed cow’s milk. A history 
of absence of vitamin C intake was found for 
almost one-quarter of the nonscorbutic 
group. It is suggested by these authors that 
the high incidence of pathologic rickets (60 
per cent) in this group may have masked the 
presence of scurvy in some of these cases. 

Further analysis of the group of scorbutic 
infants revealed that the diagnosis could still 
be made on the basis of pathologic findings 
for as long as two months after adequate 
treatment was begun. Advanced healing was 
noted in the treated cases. Two-thirds of the 
cases were associated with acute illnesses, 
largely infectious in origin. However, there 
Was reason to suspect that the scurvy had 
antedated the onset of the terminal illness in 
virtually every case. 

Of the 69 cases of scurvy. detected at 
autopsy only 6 were recognized clinically. 
This finding is not too surprising when it is 
realized that some of these cases had not 
advanced to the point at which clinical recog- 
nition becomes possible. In others the tender- 
ness of the extremities was obscured by 
severe prostration, or the attention of the 
physician was focused on the problem of 
treating a fulminating infection. In the pres- 
ence of rickets, clinical and roentgenologic 
diagnosis of concomitant scurvy is difficult. 
The physical sign which was most helpful in 
the recognition of scurvy proved to be the 
characteristic ridge enlargement of the 
chostochondral junction. Hemorrhagic phe- 
nomena were present in only 2 or 3 cases. 
This illustrates one of the differences between 
the infantile and the adult forms of the 
disease. 


A history of prolonged vitamin C dep- 
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rivation was the most frequent clinical find- 
ing in those infants in whom the pathologic 
changes of scurvy were later demonstrated. 
It was suggested by these workers that more 
attention should have been paid to this find- 
ing. This was especially true for infants 


ASSESSING THE COMPONENTS OF 


In the estimation of nutritive success un- 
der a specific dietary regime, the gain, main- 
tenance or loss in body weight has long been 
an accepted criterion; moreover, the ease of 
making this measurement will probably as- 
sure its continued use as an index of physio- 
logic well-being. However, though the use of 
gross body weight as evidence of growth has 
the implication of increase in metabolizing 
tissue, it is well known that augmented body 
weight may be caused by other body com- 
ponents such as water or fat. From a nu- 
tritional point of view and in the realm of 
medical therapeutics it becomes important 
at times to know the composition of gains in 
body weight as well as the chemical com- 
partments of the body which are being drawn 
upon during periods of loss in body weight. 
Of particular interest would be a device 
Which, utilizing chemical and physical ana- 
lvtie methods, could be applied to the living, 
intact human subject in a quantitatively 
reliable way. 

A procedure has recently been described 
for dissecting, so to speak, the body weight 
of living persons (R. A. MeCance and E. M. 
Widdowson, Proc. Roy. Soc. (London) B 138, 
115 (1951)) and it has been applied in the 
solution of some problems in nutrition. The 
extracellular fluid including the blood was 
determined by the thiocyanate method (P 
H. Lavietes, J. Bourdillon, and K. A. Kling- 
hoffer, J. Clin. Invest. 15, 261 (1936)). The 
thiocyanate retained at two hoursafter intra- 
venous administration of a known amount 
of potassium thiocyanate less the calculated 
thiocyanate in the blood (corrected for the 
amount in the red cells) was divided by the 
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between 5 and 11 months of age who were 
not receiving breast milk. 

These studies suggest that scurvy is more 
prevalent in infants not receiving breast 
milk than had been suspected on the basis of 
the incidence of clinically recognized cases. 


BODY WEIGHT IN LIVING PERSONS 


serum concentration of thiocvanate and the 
serum volume added. The total body water 
was estimated by giving 25 g. of urea by 
mouth. At the end of eighty minutes the 
amount of extra urea in the urine was de- 
ducted from that administered and this value 
was then divided by the concentration of 
extra urea in the serum. 

The difference between the total body 
water and the extracellular fluid was re- 
corded as cell water. Assuming that 67 per 
cent by weight of the cell is its average 
content of water, the weight of the cellular 
tissue was calculated. It had previously been 
determined that the minerals in the skeleton 
and in the extracellular fluid were 7 per cent 
of the fat-free body (cell mass plus extra- 
cellular water), from which it was calculated 
that they account for 7.5 per cent of the 
combined weight of the cell mass and extra- 
cellular fluid. The fat in the body was caleu- 
lated as the body weight minus the combined 
weights of the extracellular fluid, the cells, 
and the extracellular minerals. It will be 
recognized that certain assumptions have 
been made which lead to approximations, but 
the method has been tested and provides a 
new approach to many practical problems in 
physiological chemistry and medicine. 

The foregoing method of breaking down 
the body weight was applied to 10 normal 
and obese male subjects, whose gross indi- 
vidual weights varied from 75 to 190 per cent 
of the standard weight for height. The extra- 
cellular water varied from 25.5 per cent ot 
the total weight in a lean person to 14.8 per 
cent in an obese subject. The cell mass of the 
leanest person was 60.8 per cent whereas in 
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one of the obese subjects this value was 37.3 
per cent. By the same token the fat in these 
two subjects of extreme body weights was 
7.2 per cent and 44 per cent, respectively. In 
the 11 female subjects examined the extra- 
cellular water (24.8 to 14.7 per cent) again 
was greatest in the lean individuals as was 
the cell mass (57.5 to 24.3 per cent). In the 
normal women there was more fat (12.6 to 
28.5 per cent) than in the normal men and 
one obese subject had 58.1 per cent of the 
body weight as fat (74.4 kg.). 

Opportunity was afforded to examine 10 
undernourished Germans when they had just 
been released from a prison camp in Russia 
and again two months after rehabilitation 
had been initiated in a hospital, with gener- 
ous food allowances but in most cases with 
little exercise. Before realimentation, these 
undernourished men had much more extra- 
cellular water (30.2 to 46.2 per cent) in their 
bodies than do normal subjects, a character- 
istic feature of undernutrition. The cell mass 
in these men before refeeding made up a 
strikingly low proportion of the body weight 
(36.2 to 55.5 per cent) and, of course, the 
percentages of fat were small, most of them 
being at the low border of the normal range. 
The responses to nutritional rehabilitation 
in the various body weight compartments 
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were definite: total body weight increased 
until all the subjects weighed within the 
normal weight for height range; the extra- 
cellular fluid decreased greatly, though half 
of the men were still above the normal limit 
in this regard; the cell mass increased abso- 
lutely, but at the time of examination this 
value still was below the normal for the body 
weight; the body fat increased to the upper 
limits of normal. The increase in body weight 
upon realimentation, therefore, was a re- 
sultant of the augmented cell mass and fat, 
and a concomitant decrease in extracellular 
water. A calculation of the shifts of material 
indicated that in 6 of the men the increase 
in body weight took place largely through 
the deposition of fat with the result that the 
ratio of fat to the aqueous phase was too 
high. Although the total body weights were 
normal for height in every case after refeed- 
ing for two months, the data show that the 
body constitution was still abnormal. It is 
obvious that studies of the composition of 
body weight as herein described could pro- 
vide valuable information in many physi- 
ologic and medical problems, notably the 
influence of training of athletes, or in assess- 
ing the results of hormone or nutritional 
intervention in metabolism. 


FACTORS INFLUENCING VITAMIN A STORAGE IN RATS 


A great deal of work has been done on the 
stability of vitamin A. Many factors are 
known to influence the utilization of this 
vitamin by animals. Since the ester form of 
vitamin A must be hydrolyzed before ab- 
sorption from the intestine, the rate and 
extent of hydrolysis influence its utilization. 
Studies on stability and utilization of vita- 
min A in its various forms have received 
attention in earlier reviews (Nutrition Re- 
views 3, 17 (1945); 6, 17, 286 (1947); 6, 170, 
248, 281 (1948); and 7, 205 (1949)). 

In a recent study E. F. Week and F. J. 
Sevigne (J. Nutrition 42, 525 (1950)) deter- 


mined the effect of corn oil, mineral oil and 
ethyl laurate, used as diluting agents, on the 
utilization of various forms of vitamin A by 
the rat. Effects of the fat content of the diet 
and the dosage level of the vitamin were also 
determined. The experiments were designed 
to give some information as to the relative 
importance of factors that influence vitamin 
A stability and absorption per se, and factors 
that influence the hydrolysis of ester forms 
of the vitamin. 

Vitamin A alcohol, vitamin A acetate and 
vitamin A natural ester, all prepared from 
soupfin shark liver oil, served as vitamin A 
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sources. Vitamin A storage in the liver was 
used as a measure of the extent of utilization 
of the vitamin sources when administered in 
the various diluting agents. In summarizing 
the results here, the extent of utilization will 
be expressed as the per cent of the dose 
administered that was stored in the liver. 

Weanling rats that had been maintained 
on the basal diets for thirty-three to thirty- 
five days served as test animals. The high-fat 
basal diet used in the first 2 experiments con- 
sisted of the following in per cent: casein, 18; 
cornstarch, 45; brewer’s yeast, 8; salt mix- 
ture, 4; hydrogenated vegetable oil (Primex), 
25; and mixed tocopherols, 0.125. The basal 
diet also contained 60 units of vitamin D and 
1.5 units of vitamin A per 10 g. In addition 
to this diet, a low-fat diet (U.S.P. XIII 
Vitamin A Assay Basal Diet (5 per cent fat 
content)) was also used in the third experi- 
ment. Eight rats were used in each treatment 
and the data were subjected to statistical 
analysis. 

In the first experiment the vitamin A 
preparations, a total of 9000 units per rat, 
were administered orally for three con- 
secutive days. The animals were killed on the 
second day after the last dosage and their 
livers preserved for vitamin A analysis. 

When the vitamin A was administered in 
ethyl laurate (0.4 ml. containing 3000 units 
of vitamin A daily), it was poorly utilized, 
and only 20 to 23 per cent of the total dose 
was stored in the liver. Inhibition of ester 
hydrolysis was not the only factor involved 
since vitamin A alcohol was actually less 
well utilized than the ester forms. The poor 
utilization was therefore most likely caused 
by destruction in vivo or by poor absorption 
per se. 

When administered with mineral oil, vita- 
min A acetate and natural ester were less 
well utilized than the vitamin A alcohol (25 
and 26 per cent storage for the former versus 
30 per cent storage for the alcohol). 

Corn oil as a diluting agent was superior 
to the others tested and permitted 28 to 31 
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per cent storage of the vitamin in its various 
forms. 

In the second experiment the rats received 
0.4 ml. supplements of the vitamin A prepa- 
ration six days a week for a period of five 
weeks, each rat receiving a total of 3000 
units of vitamin A. 

Under these conditions of considerably 
lower vitamin A dosage, ethyl laurate was 
again inferior to mineral oil or corn oil as 
a diluting agent. Rats receiving the ethyl 
laurate suffered from irritation of the buccal 
membranes and weighed about 15 per cent 
less than those receiving the other diluting 
agents. With ethyl laurate, 12 per cent of the 
natural ester of vitamin A was stored, 
whereas only 7 and 8 per cent of the vitamin 
A alcohol and acetate respectively were 
stored. 

The utilization of the natural esters in 
corn oil (20 per cent storage) was superior to 
the utilization of vitamin A alcohol (16 per 
cent storage) or vitamin A acetate (17 per 
cent storage). In mineral oil the storage 
ranged between 13 and 15 per cent for the 
three forms of vitamin A. 

Since the natural ester of the vitamin was 
better utilized in corn oil than in mineral oil, 
the authors interpreted the result to indicate 
that mineral oil contained factors that in- 
hibited hydrolysis of the ester form. The 
effects of hydrolysis inhibition, however, 
were not apparent when vitamin A alcohol 
and ester utilization from mineral oil were 
compared, which seems to indicate that 
factors influencing stability or absorption 
per se were dominant. 

In the third experiment 2 groups of wean- 
ling rats were maintained on the 25 and 5 
per cent fat diets respectively. When they 
were 56 days old, 9000 units per rat of vita- 
min A preparations were administered over 
a three-day period. The vitamin preparations 
were administered at two concentrations in 
corn oil, namely, 30,000 units per milliliter 
and 7500 units per milliliter. 

Changing the fat content of the diet had 
no effect on the utilization of the various 





302 NUTRITION 


forms of vitamin A. Increasing the corn oil 
decreased the rate of hydrolysis of the ester 
forms and thus resulted in poor utilization. 
Animals receiving the 9000 units of natural 
ester in 0.3 ml. of corn oil stored 37 per cent 
of the dose while those receiving the same 
vitamin ester dose in 1.2 ml. of corn oil 
stored only 32 per cent of the dose. 

These results, although inconclusive in 
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some respects, do emphasize that of the 
many factors which influence vitamin A utili- 
zation by animals, those which influence the 
hydrolysis of the ester forms may be quite 
important. Week and Sevigne had shown 
earlier that vitamin A alcohol was better 
utilized by human subjects than ester forms 
when administered in margarine (Nutrition 
Reviews 8, 325 (1950)). 


AMINO ACID COMPOSITION OF NEOPLASTIC TISSUE 


The availability of rapid and reproducible 
microbiologic methods for the determination 
of the amino acid composition of tissues has 
led to a comparison of the distribution of 
individual amino acids in neoplastic and 
normal tissue. M.S. Dunn, E. R. Feaver, 
and E. A. Murphy (Cancer Research 9, 306 
(1949)), using this technic, have analyzed a 
transplanted fibrosarcoma in rats and have 
compared it with normal rat fibrous tissue. 

The analyses were made for twelve amino 
acids (L-form). Good agreement was ob- 
served between several determinations in 
normal tissue, and with a number of determi- 
nations on the malignant tissues as well. 
Furthermore, fibrosarcomas were induced in 
several sites in the body, and the amino 
acid composition differed little from place to 
place. The normal connective tissue con- 
tained approximately 65 per cent collagen 
while that from malignant tissue showed 
only 3 per cent. 

In order to obtain the per cent amino acid 
composition of the cellular protein in the 
normal and malignant tissues the analytic 
results were corrected not only for moisture 
ash and fat, but also for the amino acid 
content of collagen and elastin as they were 
present in the benign and malignant tissue. 
Using this type of analysis it was found that 
there was an increase in the content of 
arginine in the malignant tissue of 5.9 per 
cent compared with 2.8 per cent in the 


benign tissue, and an increase in glycine of 


1.5 per cent, compared with approximately 0 


per cent in benign tissue. A reduction of the 
amino acid content in the fibrosarcoma was 
observed with respect to histidine (from 4.0 
to 2.5 per cent) and methionine (from 2.5 to 
1.8 per cent). There were minor differences 
in the analytic results for the other amino 
acids. 

H. E. Sauberlich and C. A. Baumann 
(Cancer Research 11, 67 (1951)) likewise used 
the microbiologic method for determination 
of the amino acid composition of normal and 
neoplastic tissuestin rats, rabbits and man. 

The rat tissue controls consisted of normal 
rat muscle, liver, liver from animals main- 
tained on a diet furnishing 50 per cent of the 
required calories, and liver with and without 
cirrhosis. These were compared with the 
Flexner-Jobling carcinoma, the 
M.C., the hepatoma induced by dimethyl- 


sarcoma 


aminoazobenzine, and a hepatoma induced 
by m’-methylaminoazobenzine. Further stud- 
ies were done on a spontaneous mammary 
fibrosarcoma of the rat, a spontaneous skin 
tumor of the rabbit. and a human tumor 
of the colon compared with normal human 
colonic tissue. 

Kighteen amino acids were determined. No 
significant difference was found between the 
amino acid composition of the rat tumors 
and the control tissues except for the spon- 
mammary fibrosarcoma. In this 
instance alanine and arginine were increased 
over values in the normal tissues, proline 
was two times increased, and glycine in- 
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creased threefold. There was a decrease in 
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aspartic acid, histidine, leucine, isoleucine, 
lysine, methionine, threonine, and valine, 
but the decrease was most marked for 
tryptophan. Corrections were not made in 
this study for the content of collagen and of 
gelatin. In fact, the authors suggest that the 
abnormalities of amino acid composition 
which they observed were due to the high 
content of collagen or gelatin in the tissues, 
that is, that the tumor was diluted with large 
quantities of connective tissue. The analyses 
for the eighteen amino acids in the human 
colonic neoplasm showed results very close 
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to those of the normal human colonic tissue. 
Sauberlich and Baumann (loc. cit.) concluded 
from their studies that there were no signifi- 
cant differences between amino acid compo- 
sition of their tumors and homologous 
normal tissue except where the tumor, as in 
the rat fibrosarcoma, was diluted by specific 
tissues having a particular amino acid com- 
position such as collagen and its homologues. 
The results of Sauberlich and Baumann may 
explain to some extent, at least, the differ- 
ences in amino acid composition observed by 
Dunn and co-workers. 


RIBOFLAVIN REQUIREMENT OF MILK-FED CALVES 


It is generally agreed that cattle meet 
their requirement for the B-complex vita- 
mins through synthesis of these factors by 
the microorganisms in the rumen. In the 
young bovine, however, certain of the B 
vitamins must be supplied in the diet, pre- 
sumably because in the young animal the 
rumen has not reached functional capacity. 

A. C. Wiese, B. C. Johnson, H. H. 
Mitchell, and W. B. Nevens (J. Nutrition 33, 
263 (1947)) at the University of Illinois 
demonstrated that young calves required a 
dietary source of riboflavin. R. G. Warner 
and T. 8. Sutton (J. Dairy Sct. 31, 976 
(1948)) at Ohio State University confirmed 
this observation. Recently workers at the 
Ohio laboratory have reported the minimum 
requirement for riboflavin of the newborn 
dairy calf (G. J. Brisson and Sutton, [bid. 
34, 28 (1951)). 

The ration used in the study consisted of 
whole milk that was rendered deficient in 
riboflavin by subjecting it, under agitation, 
to the rays of a mercury vapor lamp. This 
procedure resulted in almost complete de- 
struction of the riboflavin (approximately 97 
per cent) in four and one-half hours of light 
treatment. It was suspected that this treat- 
ment would also have some destructive in- 
fluence on other B vitamins. Analyses for 
thiamine and pyridoxine revealed 11 and 65 


per cent destruction respectively of these 
factors. The thiamine destruction was not 
considered great enough to be a complicating 
factor in the experiment. Pyridoxine supple- 
ments were without influence in the experi- 
ment, thus establishing that the light-treated 
milk still contained sufficient pyridoxine to 
meet the calf’s requirement. All milk samples 
used in the experiment were fortified with 
Vitamin A in an oil concentrate at a rate to 
supply 20,000 1.c. per calf daily. 

The experimental animals, 9 male dairy 
calves, were housed in individual pens on 
raised metal floors. The calves received their 
dams’ colostrum for the first forty-eight 
hours, after which they were fed the experi- 
mental milk diet for eight weeks. Two calves 
served as positive controls; one received the 
light-treated milk supplemented with 115 
micrograms of riboflavin daily per kilogram 
body weight; the other received untreated 
milk that contained the same level of ribo- 
flavin. The light-treated milk was fed to one 
calf without a riboflavin supplement. The 6 
remaining calves received, in lots of two 
each, 25, 35, and 45 micrograms respectively 
of riboflavin per kilogram body weight per 
day. The calves were fed twice a day at the 
rate of 10 per cent of their body weight per 
day. Once weekly, twenty-four hour urine 
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samples collected for riboflavin 
analyses. 


The negative control calf receiving no ribo- 


were 


flavin supplement made very poor weight 
gains and exhibited signs of riboflavin de- 
ficiency within two weeks. Excessive lacrima- 
tion and salivation, diarrhea, roughened hair 
coat and a dry scaly dermatitis were the 
chief symptoms noted. The calves receiving 
25 micrograms of riboflavin per kilogram 
body weight daily made irregular weight 
gains and appeared unthrifty. The calves 
receiving 35 micrograms of riboflavin per 
kilogram body weight daily made normal 
weight gains. 

On riboflavin supplements of 35 micro- 
grams, or less, per kilogram body weight 
daily, post-mortem examination revealed in- 
ternal changes apparently attributable to 
ariboflavinosis. These abnormalities included 
catarrhal enteritis, ‘‘white-spotted”’ kidneys 
and pneumonia. A normocytie hypochromic 
anemia also occurred in the deficient ani- 
mals. This type of anemia was considered 
similar in type to that reported in ribo- 
flavin-deficient swine by M. M. Wintrobe, 
W. Buschke, R. H. Follis, and 8. Hum- 
phreys (Nutrition Reviews 3, 141 (1945)), and 
in riboflavin-deficient monkeys as reported 
by H. A. Waisman (Jbid. 2, 235 (1944)). 

Further evidence that 35 micrograms of 
riboflavin per kilogram body weight daily 
was borderline or insufficient was obtained 
from urinary excretion data. The calves re- 
ceiving this level of riboflavin or lesser 
amounts excreted between 0.07 and 0.19 mg. 
of riboflavin daily per 100 pounds body 


[October 


REVIEWS 


weight. The next higher level of riboflavin 
supplementation, 7.e., 45 micrograms per 
kilogram body weight, resulted in an abrupt 
increase in riboflavin excretion, namely 0.54 
to 0.80 mg. daily per 100 pounds body 
weight. The data indicated that riboflavin 
excretion is a reliable index of the nutritional 
status of calves with respect to riboflavin. 

One of the results of considerable interest 
in connection with this study was the ap- 
parent inconsistent behavior of the rumen. 
At the end of the eight-week experimental 
period, the calf rumen contents were ana- 
lyzed for riboflavin and incubated for twenty 
hours at 37°C. An increase in riboflavin 
during incubation was considered to be in- 
dicative of riboflavin synthesis by rumen 
microorganisms. Riboflavin synthesis was in- 
dicated to have occurred in the negative 
control calf and in one of the positive control 
calves, but was of considerably greater mag- 
nitude in the case of the latter. No riboflavin 
synthesis was indicated in the rumen of the 
remaining calves. This result would again 
indicate that the functional capacity of the 
rumen of calves can vary greatly, as has been 
emphasized in a recent review (Nutrition 
Reviews 9, 59 (1951)). 

The authors concluded that the minimum 
requirement for riboflavin of the newborn 
ealf is between 35 and 45 micrograms per 
kilogram of body weight daily. The authors 
observed these results to be in good agree- 
ment with values reported for certain other 
mammalian species of comparable age in- 
cluding the pig, monkey, horse, and man. 


FOOD INTAKE OF ELDERLY HOSPITALIZED PATIENTS 


The need for specific information in regard 
to the diets actually consumed by elderly 
patients has been reviewed (Nutrition Re- 
views 8, 184 (1950)). This need is also made 
apparent in an extensive review by E. J. 
Stieglitz (J. Am. Med. Assn. 142, 1070 


(1950)). A recent attempt to add to the 
knowledge of dietary intakes in a group of 
older people is a report by N. Vinther- 
Paulsen (J. Gerontology 5, 331 (1950)) of 
studies of chronically hospitalized older 
patients in Copenhagen. 
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All the patients studied (16 females and 4 
males) were noted to have glossitis, cheilosis 
and perléche at the time of investigation, 
and dietary intakes were followed to deter- 
mine the nutritional habits of persons with 
such deficiency signs. All patients were lead- 
ing a bed or wheel-chair existence and were 
not urged or assisted in the taking of food 
which was measured without the patients’ 
knowledge for two one-week periods. Aver- 
age daily consumption of calories, protein, 
calcium, phosphorus, iron, vitamin A, thi- 
amine, riboflavin, niacin, ascorbic acid, and 
vitamin D were then calculated and re- 
corded. 

The data reported indicate deficient in- 
takes of all the nutritional elements studied, 
although marked variations in intake of 
different elements in the same person oc- 
curred. Thus patients who preferred milk 
received nearly normal amounts of calcium 
and phosphorus but suffered considerable 
inadequacy in their caloric intakes. Based on 
averages for the group, the most markedly 
deficient daily intakes were those of iron, 
thiamine, niacin and vitamin D. Thus the av- 
erage diet iron was 4.5 mg. for women and 6.4 
mg. for men, the thiamine intake was 0.47 
mg. in women and 0.63 mg. in men. Similarly 
for niacin, women took 5.1 mg. and men, 8.0 
mg., while for vitamin D women ingested 66 
1.u.and men 43 1.v. While both averages thus 
derived for a group of individuals and the 
usually recommended minima! dietary re- 
quirements of such elements are subject to 
criticism, it is apparent that most of these 
subjects obtained less than half of the mini- 
mal recommended intake of these nutrients. 
[t is worth noting that despite the extremely 
low iron intake only 6 patients had hemo- 
globin values below 80 per cent of normal, 
the lowest value being 66 per cent. Other 
sources of iron not mentioned by the author 
such as drinking water might well be 
considered in explaining this discrepancy. 
Slightly higher daily ingestion was recorded 
for protein (average 31 g.), calcium, phos- 
phorus, vitamin A, and riboflavin, but vita- 
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min C intake alone approached the minima! 
requirements, averages of 28 mg. and 32 mg. 
respectively for females and males being 
recorded. 

Caloric intake varied from 635 to 1376, 
with averages for women and men being 
1037 and 1332 respectively. From the data 
given, it is possible to calculate that 3 sub- 
jects ate 15 or less calories per kilogram of 
body weight per day, 11 took 16 to 20 
calories per kilogram and 5 ate 21 or more 
‘alories per kilogram daily. One patient is 
omitted from these calculations since no 
weight is given. It therefore appears that the 
majority of the subjects received 60 per cent 
or more of the “‘ideal’’ caloric intake of 25 
calories per kilogram. A discrepancy thus 
appears to exist between the intakes of iron, 
thiamine, niacin and vitamin D and the in- 
take of calories, the latter being over 60 per 
cent of the average requirement while the 
former are well under half of the minimal 
daily requirement. 

It is of interest to compare the findings in 
this group of hospitalized elderly people with 
those of M. Pyke, 8. Holmes, R. Harrison, 
and K. Chamberlain (Lancet II, 461 (1947)). 
These authors studied 30 active, apparently 
well, older persons and 24 with various in- 
firmities and it is possible to compare the 
latter group with that studied by Vinther- 
Paulsen. Thus the British patients appeared 
to have higher caloric intakes (1034 to 2313) 
and protein ingested was only slightly re- 
duced (over 42 g. in 80 per cent of subjects). 
Markedly decreased intakes of vitamin C 
were found in the females in this study which 
contrasts with the nearly normal values 
found by Vinther-Paulsen. Vitamins A and D 
were minimum recommended 
levels but B-vitamin intakes were adequate 
in the British study as were calcium and 
phosphorus. While it should be emphasized 
that the patients studied by Vinther-Paulsen 
in Copenhagen had pre-existing deficiency 
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syndromes and were suffering from incapaci- 
tating diseases, the discrepancies in certain 
nutritional element intakes such as vitamin 
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in the diets 
offered. Thus not only do the tastes of indi- 
viduals vary, but the dietary habits of given 
countries may vary so widely as to empha- 


C suggest wide differences 


size the dangers of the application to one 
country of dietary studies performed in 
another. 

No mention is made of the response of the 
Copenhagen subjects to specific vitamin 
therapy if such was attempted. Although the 
evidence for poor dietary intake as a cause of 
nutritional disease in these elderly patients 
appears substantial, such a therapeutic trial 
would provide evidence in regard to the 
etiology of the physical signs observed. The 
specificity of these signs has recently been 
questioned (P. J. Culver, New Engl. J. Med. 
241, 970, 1011, 1050 (1949)) and is therefore 
a logical subject for study in patients such as 
these. The intakes of all nutrients were so 
low in some of these patients as to suggest 
semistarvation in which vitamin deficiency 
signs are unusual (Nutrition Reviews 4, 161 
(1946)). It is therefore possible that the rela- 
tive disproportion between caloric and vita- 
min intakes mentioned above was greater 
than the figures indicate. Such disproportion 
may have been a conditioning factor in the 
appearance of deficiency signs. 

Whether or not the patients were able to 
feed themselves is not specifically stated. 
However, one must assume that the helpless- 
ness was not a factor in the poor dietary 
intakes recorded although such is often the 
case in elderly hospitalized individuals. Simi- 


ORAL CONDITIONS 


The oral manifestations of nutritional de- 
ficiency diseases have been, described by 
numerous investigators. A further compila- 
tion of this type has been made by D. 
Afonsky (Oral Surg. Oral Med. Oral Path. 3, 
1299 (1950)), who has described a series of 
observations of oral conditions during acute 
and chronic vitamin B-complex deficiencies 
in Chinese students at the Hsiang Ya Medi- 


NUTRITION REVIEWS 





[October 


larly, it is unfortunate that the status of the 
teeth or dentures and the character and 
nutritional adequacy of the diet offered are 
not made clear. Such factors as these are 
important in that foods requiring a high 
degree of mastication will often be avoided 
by older persons. Likewise, a diet which is 
relatively low in nutrient content as com- 
pared to total bulk may be inadequate unless 
the entire serving is eaten. The latter may be 
a task beyond the physical strength of older 
individuals. 

It is to be emphasized that these elderly 
people not only showed signs of nutritional 
deficiency, but also suffered physical handi- 
caps which may have served to emphasize 
their inability to eat, as well as increasing 
their requirements for the various nutrients. 
In such patients it is highly likely that a 
vicious cycle occurred in that inadequate 
intake led to deficiency which in turn im- 
paired their ability to eat. In older handi- 
capped patients whose eating habits are 
likely to have become rigid it would seem 
wise to insuresthat those foods which they 
take readily are enriched. This report is an 
addition to the available information con- 
cerning foods ingested by older age groups. 
However, the broader problem of the rela- 
tionship of diet and aging will require further 
information in regard to the relation of diet 
to maintenance of fitness, the relation of 
diet to morbidity and mortality rates, and 
changes in dietary requirements in old age. 


IN MALNUTRITION 


cal College and Hospital in Changsha, Hunan 
Province. This study is of particular interest 
because the investigator was able to keep 
groups of subjects under observation for over 
two years. This made possible good differ- 
ential diagnosis because of the ability to 
observe the lesions not only at all levels of 
deficiency but also during their disappear- 
ance with therapy. One problem in which 
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particular interest was taken was the differ- 
ential diagnosis of aniacinosis and aribo- 
flavinosis on the basis of the oral lesions. 
Although it was noted that some of the 
lesions commonly observed in these de- 
ficiency states may be identical with those 
seen in apparently unrelated conditions, 
Afonsky believed as a result of his studies 
that oral conditions could be unreservedly 
used as a basis for the differential diagnosis 
of these two deficiency states. 

During a routine oral examination of 210 
female students between 16 and 24 years of 
age, it was noted that 75 presented character- 
istic lingual and labial lesions of niacin and 
riboflavin deficiencies. In order to ascertain 
the presence of other manifestations of the 
lack of B complex, a medical examination 
was made at the same time. Eye disease and 
gastrointestinal disorders were more frequent 
among those with oral signs. For example, 
among the 75 cases with positive oral find- 
ings, 30.7 per cent had such eye abnormal- 
ities as hyperemia of conjunctiva, simple, 
follicular and chronic conjunctivitis, bleph- 
aritis, impaired vision and blurring of vision. 
Only 15.1 per cent of the 135 with negative 
oral findings suffered from such disorders. In 
order to observe any changes in the clinical 
picture, no treatment was instituted. Three 
months later, the setond examination was 
made. Two cases were much more severe 
but no self-cures were recorded. 

In order to test the accuracy of the clinical 
diagnosis, 28 of the deficient students ex- 
hibiting typical oral lesions were selected for 
therapeutic measures and 47 were retained 
as controls. All students received their food 
from a common kitchen 3 times daily; thus, 
the regular diet varied only in proportion to 


the amount consumed. The basal diet con- ’ 


sisted almost exclusively of crude polished 
rice, bean curd, bean sprouts, sweet potatoes, 
green vegetables and turnips without the 
greens. Meager supplements were received 
in 18 per cent of the cases and consisted 
mainly of sweet potatoes and peanuts. There 
was an almost complete lack of milk, milk 
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products, fruit and eggs. The riboflavin 
content of the diet ranged from a minimum 
of 1.0 to a maximum of 1.2 mg. per day; the 
niacin content varied from 4.2 to 7.9 mg. 
per day. In 16 per cent of the cases, the 
thiamine and riboflavin intake approximated 
the Recommended Daily Allowance of the 
Food and Nutrition Board, National Re- 
search Council, for girls 16 to 20 years of age 
However, the niacin intake was below the 
tecommended Daily Allowance in every 
case. 

The 28 students with oral abnormalities 
suggestive of deficiencies in either niacin or 
riboflavin, or both, were distributed as fol- 
lows: in group I-A were 5 individuals diag- 
nosed to be acutely deficient in niacin as 
characterized by engorgement and hyper- 
trophy of fungiform papillae; in group I-B 
were 5 subjects diagnosed to be in a state of 
chronic niacin deficiency as characterized by 
marked atrophy of the papillae involving 
from one-third to one-half of the dorsum of 
the tongue; in group II-A were 3 students in 
an acute deficiency state with the same 
manifestations as group I-A combined with 
angular stomatitis; group II-B consisted of 2 
individuals with angular stomatitis alone; 
group III was composed of 13 subjects with 
varying acute and chronic deficiency signs. 
Group IV (control 
with acute and chronic states comparable to 
those of the individuals in group III. The 10 
students in groups I-A and I-B were given 
100 mg. of nicotinamide per day for ten 
days. The 5 students in groups III-A and II-B 
were given 10 mg. of riboflavin per day for 


consisted of 47 cases 


tendays. The 13 cases in group II] were given 
dry brewers’ yeast every day for ten days; 
this supplement contributed 1.2 mg. of thi- 
amine, 5.0 mg. riboflavin and 3.6 mg. niacin 
per day. 

The oral conditions in the subjects of 
group I-A responded readily to nicotinamide 
therapy, with disappearance of the major 
abnormalities within a week. The regression 
of deficiency signs in group I-B was much 
slower. The angular stomatitis of the sub- 





308 


jects in groups II-A and II-B responded 
quickly to the administration of riboflavin, 
but the tongue lesions in the cases in group 
II-A persisted during the period of therapy. 
Both tongue lesions and angular stomatitis 
disappeared during the period of yeast ad- 
ministration. The description of the healing 
process was presented in considerable detail 
for each of the tissues involved and for each 
tvpe of therapy. No remission of deficiency 
signs was noted in the control group, but 2 
cases with exacerbation of signs were ob- 
served. 

Another part of Afonsky’s studies con- 
cerned the average diet of the inhabitants in 
that area of Hunan Province. Some 3349 
individuals were examined and their dietary 
habits studied. Among this group, 89.3 per 
cent exhibited various manifestations of ani- 
acinosis and ariboflavinosis. Dietary studies 
indicated that few of these individuals con- 
sumed more than two-thirds of the recom- 
mended amounts of niacin. Riboflavin intake 
was uniformly almost as low. Thiamine con- 
sumption was approximately normal in the 
majority of cases. Carbohydrates were the 
major source of energy, supplying from 75 
to 82 per cent of the calories. Protein intake 
accounted for only about 10 per cent, and 
fat consumption about 8 per cent of the 
caloric intake. 

In the concluding part of the paper Afon- 
sky presents in great detail the oral mani- 
festations of niacin and riboflavin deficiency 
and the differential diagnosis of their de- 
ficiency svndromes from similar lesions at- 
tributable to other diseases. To the dentist 
who is interested in making a fine contribu- 
tion to the health of his patients through 
careful recognition and diagnosis of early, 
soft tissue lesions, these tabulations repre- 
sent an excellent yet abbreviated source of 
information. 

In the above study no particular attention 
was paid to the periodontal tissues, gingiva, 
periodontal membrane, alveolar bone, ce- 
mentum, ete. In contrast, the following 
investigation was concerned with the diseases 
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of the periodontal structures of individuals 
judged to be malnourished by the usual 
physical signs. V. Sud (J. Dent. Res. 30, 19 
(1951)) has described the gingival conditions 
observed among 248 refugees in an East 
Punjab camp. The study group was com- 
posed of 100 men, 50 with frank features of 
various nutritional deficiences and 50 with- 
out specific deficiency syndromes, and 148 
women, 75 with evidence of malnutrition by 
the same criteria and 73 without specific 
evidence of nutritional inadequacy. In view 
of their previous history and the conditions 
under which they lived, undoubtedly those 
subjects without frank deficiency signs were 
malnourished. The women were selected in 
such a proportion that approximately equal 
thirds of the original group were either preg- 
nant, or lactating, or nonpregnant and non- 
lactating. Except for the selection of sub- 
jects in such a way as to provide samples in 
the above categories, the individuals were 
taken at random frcm the camp population 
of 20,000 sorely distressed refugees; thus the 
general health, tutriture and oral conditions 
of the subjects in the study group were con- 
sidered to be representative of the camp 
group as a whole. Characteristic evidence of 
deficiencies in vitamin A, B complex, C 
and D singly and collectively, were ob- 
served in the course of the physical exami- 
nations by the physicians in the nutritional 
survey team. The predominant deficiency 
was said to be in the vitamin B complex. 
A large number of the cases were multiple 
deficiencies of the B complex with evidence 
of concurrent vitamin A and C depletion. 
The exact criteria used in the physical 
examinations were not described. No bio- 
chemical evaluation was possible because of 
the lack of laboratory facilities. 


The major concern of the survey was an 
evaluation of gingival lesions and more ad- 
vanced stages of periodontal disease to deter- 
extent these abnormalities 
could serve as an index of systemic changes 
during vitamin deficiency, pregnancy or lac- 
tation. The oral examination consisted of a 
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careful study of the mouth with mirror and 
explorer, and a calibrated blunt probe to 
estimate the depths of the periodontal 
pockets. The gingivae were carefully ex- 
amined for color changes, swelling of the 
margin and papi-lae, ulceration, pocket for- 
mation, hemorrhage and suppuration. The 
teeth were examined to determine the extent 
of accumulated calculus and debris. The 
type and amount of oral cleansing was also 
recorded. In order to represent the average 
extent of various types of gingival disease, 
gingivitis, gingival congestion, gingival ul- 
ceration and gingival hemorrhage, in any 
group of individuals, a procedure was 
evolved to weight the various degrees of any 
type of lesion in proportion to its severity. 
Thus, the ‘‘average disease figure’ for a 
group of individuals with normal gingivae 
would be 0; the figure for any one of the 
pathologic conditions in a group of indi- 
viduals, each of which had the severest 
degree of manifestation according to the 
established criteria, would be 3. In addition, 
the average depth of the periodontal pockets 
and the degree of suppuration were recorded. 

An almost complete lack of any measures 
to maintain satisfactory oral hygiene was 
noted. In general, the groups whose indi- 
viduals displayed frank deficiency signs had 
a slightly higher incidence and a greater 
severity of all types of gingival abnormali- 
ties. For example, 86.0 per cent of men with 
detectable deficiency signs were observed to 
have gingival congestion with an average 
disease figure of 2.00; 76.0 per cent of men 
without visible evidence of nutritional de- 
ficiencies exhibited gingival congestion with 
a disease figure of 1.82. In 72 per cent of the 
men with clinical evidence of deficiency 
states there was definite suppuration of the 
periodontal pockets; suppuration was noted 
in only 44 per cent of the men without clear 
evidence of nutritional deficiencies. 

In all cases, the pregnant women had much 
more severe manifestations of the various 
categories of gingival disease than the other 
groups of women. For example, with respect 


NUTRITION REVIEWS 309 


to gingival ulceration, 48.0 per cent of the 
pregnant women who had frank deficiency 
signs had ulcerated areas with an average 
disease figure of 1.08; 43.4 per cent of the 
pregnant women without frank deficiency 
signs had gingival ulceration with an average 
disease figure of 0.95. In contrast, 36.0 per 
cent of the nonpregnant, nonlactating 
women with deficiency syndromes had gin- 
gival ulceration with an average disease 
figure of 0.72; 32.0 per cent of this group 
without deficiency signs had ulcerated gin- 
givae with an average figure of 0.72. 

In so far as calculus on the teeth was con- 
cerned, the incidence was high, varying from 
49 to 73 per cent in the various groups. It 
was observed that gingival abnormalities 
frequently occurred in the absence of cal- 
culus, but that they were more severe when 
calculus was present. 

The periodontal conditions observed could 
not be correlated with any specific nu- 
tritional deficiency, but seemed to be 
symptomatic of the general malnutrition. 
Superimposed upon this in all groups were 
the factors of infectious disease, physical 
exhaustion, anxiety, and traumatic injury 
due to consumption of unusual foods because 
of food shortage and hunger. In view of the 
absence of what might be considered to be 
well-nourished individuals in the camp, no 
control group was possible for an evaluation 
of the incidence of periodontal disease to be 
expected because of poor oral hygiene, dis- 
ease and other stresses. 

The relations of gingival conditions to the 
incidence of dental caries and to the inci- 
dence of malocclusion have been relatively 
unknown but often-discussed problems. One 
phase of this area has been explored by M. 
Massler and B. 8. Savara (J. Periodontology 
22, 87 (1951)) in an examination of 2774 
children, 14 to 17 years of age, in Cicero, 
Illinois. The oral examinations to determine 
the incidence and extent of dental caries, 
gingivitis and malocclusion were conducted 
by 3 separate teams: one for each abnor- 
mality. The only children in the entire school 
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who were eliminated from the study were 
those under active orthodontic treatment. 
All data were tested for statistical signifi- 
cance. On the basis of their findings, these 
investigators concluded that no relation 
existed between the number of carious teeth 
and the degree of gingivitis among these 
children. Likewise, they concluded that no 
relation existed between the number of mal- 
occluded teeth and the amount of gingivitis. 
However, a tendency was noted for children 
with severe gingivitis to experience a higher 
caries attack rate, as well as a larger number 
of maloccluded teeth than did the rest of the 
children. Since this relationship was not 
found to occur in the population as a whole, 
it was proposed that the classes 
constituted a separate and distinct group 
which merited further analysis. It was sug- 
gested that possibly children with a high 
caries attack rate have a large number of 
open, unfilled cavities and a larger number 
of poor fillings which would act as irritating 
factors in the proximity of the gingiva. Like- 
wise, children with many maloccluded teeth 
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tend to have many areas of food impaction 
and possibly more gingivitis as a result. 

Attention should be drawn to the fact that 
these data shed no light on the oft-repeated 
but still unproven statement that caries and 
periodontal disease are mutually antago- 
nistic disorders of the human mouth. Gin- 
givitis, as defined in the present study. is 
probably the initial phase of the complex 
series of conditions culminating in the years 
after maturity in more advanced stages of 
periodontal disease with pocket formation, 
ulceration, bone loss, tooth loosening, ete. 
This study points very clearly to the need 
for additional surveys of the same type in 
older age groups where the current increment 
in dental caries is correlated with periodontal 
conditions and with malocclusion. At pres- 
ent, current knowledge of periodontal con- 
ditions is extremely limited and needs to be 
expanded by a variety of fundamental and 
clinical studies. The last 2 of the 3 studies 
reviewed above are helpful contributions in 
the clinical area of periodontology. 


SUPPLEMENTATION OF PLANT PROTEIN DIETS WITH VITAMIN B. 


Soybean meal, soybean proteins, or a com- 
bination of these with corn meal, have been 
used extensively as protein sources in rations 
designed to study the nutritional importance 
of factors assoctated with animal proteins, 
particularly vitamin By. 

M. O. Schultze at the University of Min- 
nesota has conducted an extensive study to 
determine if normal growth and reproduction 
can be maintained in rats fed on diets of 
soybean proteins and pL-methionine. 

In the first paper of a series, Schultze (J. 
Nutrition 41, 103 (1950)) reported that 
weanling rats fed a purified diet containing 
24 per cent of protein in the form of a com- 
mercial soybean protein preparation and DL- 
methionine made satisfactory weight gains 
for 4 generations. With successive genera- 
tions, there was, however, a tendency toward 


a decreased growth rate. Extensive purifi- 
cation of the soybean protein did not 
influence its growth-promoting properties. 
Crystalline vitamin B,., condensed fish sol- 
ubles, or liver extract added to the diet did 
not increase weight gains or the efficiency of 
food utilization 

In a more recent paper Schultze (J. Nu- 
trition 42, 587 (1950)) has reported the re- 
productive performance of rats fed the same 
soybean protein diets. The animals used 
were among those used for the growth experi- 
ments mentioned earlier. When 10 weeks old, 
the females were bred with males that were 
maintained on the same diets. In order to 
subject the females to maximum perform- 
ance, the size of their litters was never 
reduced and the females were rebred im- 
mediately after their young were weaned or 
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immediately after they lost their litters for 
other reasons. 

The soybean diet used had the following 
composition in grams per kilogram: sucrose, 
600; corn oil, 10; Crisco, 70; salts, 40; pL- 
methionine, 5.6; and a commercial soybean 
preparation (86 per cent protein), 274-4. 
Vitamin supplements (milligrams per kilo- 
gram of diet) were as follows: thiamine and 
pyridoxine, 5 each; riboflavin, 10; calcium 
pantothenate, 5C; niacin, 20; inositol, 400; 
choline chloride, 1000; folacin, 0.2; para- 
aminobenzoic acid, 10; 2-methyl-1 ,4-naph- 
thoquinone, 5; alpha-tocopherol, 100; fish 
liver concentrate (220,000 1.u. of vitamin A 
per gram), 45.5; and Delsterol (200,000 
A.O.A.Cc. units of D per gram), 7.5. A diet 
having a more purified soybean protein in 
place of the commercial preparation, and 
containing 0.1 mg. of biotin per kilogram, 
was also tested. The protein was purified by 
two re-precipitations from an aqueous 
medium, followed by a seventy-two-hour ex- 
traction with 3 changes of boiling alcohol. 
A diet having the same composition but with 
alcohol-extracted casein replacing the soy- 
bean protein served as a control diet. 

The most striking effect of the rations con- 
taining the soybean protein was the high 
incidence of mortality of the young during 
the first four days after birth. In 30 to 40 
per cent of the litters that died shortly after 
birth, death was preceded by symptoms of 
acute uremia. This syndrome could be pre- 
vented by vitamin By. injected into the 
young or by supplementing the mothers’ 
diet with 3 per cent fish solubles or 2 per cent 
liver extract, as reported in detail in another 
paper from the Minnesota laboratory (H. O. 
Halvorson and M. O. Schultze, J. Nutrition 
42, 227 (1950)). It was also noted that this 
syndrome could be prevented by a dietary 
supplement of 2 per cent phthalylsulfathi- 
azole (Schultze, Proc. Soc. Exp. Biol. Med. 76, 
53 (1950)). The addition of biotin to the 
soybean ration had no influence on the re- 
productive performance. 

The number of young in a litter or the 
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birth weight of the young was not signifi- 
cantly influenced by supplements of liver 
extracts or fish solubles to the soybean pro- 
tein diets. Females receiving the supple- 
ment, however, attained significantly higher 
average body weights in late pregnancy than 
did those not receiving the supplement. 

Among the 518 pregnancies in rats main- 
tained on the unsupplemented soybean diets, 
only eight cases of resorption of complete 
litters were observed and most of the young 
that survived attained satisfactory weaning 
weights of 30 g. or more. The high mortality 
rate of the young in early life (1 to 4 days of 
age) and the apparent successful growth rate 
among those surviving this uremic syndrome 
emphasize the decisive effect of maternal 
nutrition on the survival of the newborn 
young. 

These studies seem to indicate that satis- 
factory reproduction of rats can be obtained 
with rations very low in vitamin By. 

Another study, designed to establish the 
value of brewers’ yeast as a supplement to a 
plant protein diet for reproduction in rats, 
was reported from the University of Wiscon- 
sin (R. E. Nell and P. H. Phillips, J. Vu- 
trition 42, 117 (1950)). These investigators 
used a more practical diet composed of the 
following in per cent: yellow corn meal, 75.3; 
soybean oil meal (expeller-processed), 17.5; 
alfalfa meal, 5.0; and minerals, 2.16. Halive: 
oil supplement was supplied at the rate of 2 
drops per rat per week. 

This basal diet was found to be inade- 
quate for reproduction and lactation. Nine 
different samples of brewers’ veast, including 
one de-purinated yeast, failed to furnish the 
factor or factors necessary for successful re- 
production. Fresh beef liver at levels of 5 to 
10 per cent of the diet or 5 per cent of fish 
solubles as supplements to the practical diet 
supported normal reproduction and lacta- 
tion. Results with only a limited number of 
animals indicated that crystalline vitamin 
Bye, injected subcutaneously, was equally as 
effective as fish solubles or fresh liver. 

The results from the two laboratories are 
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broadly similar in that both studies demon- 
strated the essentiality of dietary vitamin 
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By for successful reproduction in rats main- 
tained on plant protein diets. 


THE ENERGY EXPENDITURE OF CHILDREN 


The human energy expenditure for dif- 
ferent activities has been widely studied 
both in this country and in Europe. How- 
ever, by far the vast majority of reports on 
this subject have dealt with data obtained on 
adult subjects. 

It is clear that the total energy require- 
ment of adults is made up of three quotas, 
namely: (1) the calories for the basal (com- 
plete rest) metabolism; (2) the calories for 
activity; and (3) the calories used in the 
processes of digestion, absorption, and uti- 
lization of food. In the case of growing 
children the calories required for growth 
must be considered in addition to the three 
quotas mentioned for adults. 

Investigators at the Nutrition Labora- 
tory, Teachers College, Columbia Univer- 
sity, in cooperation with the Bureau of 
Human Nutrition and Home Economics of 
the U. S. Department of Agriculture, have, 
over the past several years, gathered data 
on the energy requirement of boys and girls 
in various types of activities. The activities 
studied included the common types that are 
expected of children in the average American 
home and in elementary schools. 

C. M. Taylor, M. W. Lamb, M. E. Rob- 
ertson, and G. MacLeod (J. Nutrition 35, 
511 (1948)) measured the energy costs of 
activities of boys aged 7 to 14 in the fol- 
lowing activities: (a) sitting at quiet play 
and (b) eyeling in a respiration chamber. 
Taylor, O. F. Pye, and A. B. Caldwell 
(Ihid. 36, 123 (1948)) investigated the 
energy expenditures of 9- to 11-year-old 
boys and girls (a) standing at a blackboard 
drawing and (b) dressing and undressing. 
Tavlor, Pye, Caldwell, and E. R. Sostman 
([bid. 38, 1 (1949)) reported energy costs of 
boys and girls, aged 9 to 11 years: (a) sit- 


ting listening to the radio, (b) sitting while 
singing, and (c) standing while singing. 

Energy costs were recently reported for 
quiet play and cycling for girls 6 to 14 
years of age (E. M. Thompson et al., 
J. Nutrition 44, 275 (1951)). C. M. Taylor, 
O. F. Pye, M. Schafer, and 8. Wing (/bid. 
44, 295 (1951)) reported energy costs for 
girls sewing and for boys and girls washing 
and wiping dishes, and for boys engaged in 
carpentry. 

The results of these studies are expressed 
both as calories per kilogram per hour and 
as calories per centimeter of body height 
per hour. Studies were conducted on chil- 
dren ranging in age from 7 to 14 years, and 
7 to 20 subjects were used for each activity 
reported. The basal metabolic rate ranged 
from 1.42 to 1.60 calories per kilogram per 
hour in boys aged 9 to 11 and from 1.41 to 
1.49 per hour in girls of the same age. The 
results in this age group are tabulated: 


CAL./CM. OF 


HT./HR. 
ACTIVITY 


Boys Girls Boys Girls 
Quiet play 2 2.38 0.58 0.55 
Cycling. . 5.10 | 4.93 | 1.15 | 1.14 
Standing, drawing 3 2.62 0.83 0.63 
Dressing and undress- 


ing 4.29 4.04 | 1.09 1.00 
Sitting, listening to 

radio 2.09 1.80 0.54 0.45 
Sitting, singing 2.23 | 2.06 | 0.57 | 0.52 
Standing, singing 2.35 | 2.13 | 0.60 | 0.54 


Washing and wiping 


dishes 2.92 | 2.61 | 0.75 | 0.67 
Carpentry 3.58 0.87 
Sewing 1.85 0.47 


Some of the results deserve comment. The 
increase in energy expenditure over the basal 
energy expenditure amounts to 202 and 171 
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per cent respectively for boys and girls en- 
gaged in dressing and undressing. 

The energy expenditure in quiet play 
represented an increase of 63 per cent and 69 
per cent over the expenditure under basal 
conditions for boys and girls respectively. 

The energy expenditures standing while 
drawing, an activity that typifies the com- 
mon practice of having children work prob- 
lems at a blackboard, were 125 and 76 per 
cent greater than the basal energy require- 
ment for boys and girls respectively. 

Sitting listening to the radio or sewing 
required less energy than any of the other 
activities studied. The increase over the 
basal energy expenditure for these activities 
was about 25 per cent. Washing and wiping 
dishes required energy expenditures of 96 
and 76 per cent over the basal expenditure 
for boys and girls respectively. 

Comparisons were made between the 
energy expenditure of the various activities 
as determined in children with the values in 
the literature for similar activities in adults. 
The average energy expenditure in dish- 
washing for boys and girls was approximately 
39 per cent above the average generally 
accepted for adults. The boys doing what 
was considered to be light carpentry had 


- 
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energy expenditures slightly higher than the 
generally accepted values for men doing 
heavy carpentry. The 9- to 11-year-old 
girls had energy expenditures about 25 per 
cent greater than those generally reported 
for adult women engaged in sewing. 

In comparing the energy expenditure of 
boys at different ages the Columbia in- 
vestigators noted that 7- to 8-year-old boys 
used 3.1 calories per kilogram per hour in 
quiet play while boys 12 to 14 years old 
used only 2.1 calories per kilogram per hour 
in the same activity. 

These results confirm the generally ac- 
cepted theory that the energy cost of activity 
in children tends to parallel their basal 
metabolism, which means, of course, that the 
younger the child the greater the energy 
expenditure per unit of weight for any given 
activity. 

Investigations of this type are desirable 
because the available data on the energy 
expenditure of children has not been de- 
termined for many types of activities. Accu- 
rate information on the total energy require- 
ments of children is obviously in demand. 
Such information is needed, for example, in 
planning of school lunch programs. 


ADRENAL AND PITUITARY HORMONE EFFECT ON LIVER ARGINASE 


Intermediary nitrogen metabolism has 
been reported to be impaired in nephrec- 
tomized animals by the demonstration of a 
reduction in urea formation (E. Mylon and 
P. Goldstein, Proc. Soc. Exp. Biol. Med. 69, 
198 (1948); Mylon, E. R. Smith, and Gold- 
stein, Am. J. Physiol. 168, 55 (1948)). 
Such animals also have an elevated level of 
liver arginase activity (Mylon and Gold- 
stein, Proc. Soc. Exp. Biol. Med. 68, 157 
(1948)) similar to that which is produced 
in normal animals by the administration of 
adrenal cortical extract (H. Fraenkel-Con- 
rat, M. E. Simpson, and H. M. Evans, 
J. Biol. Chem. 147, 99 (1943)). A recent 


attempt to elucidate the relationship be- 
tween these two observations is that of 
Mylon and Goldstein (Yale J. Biol. Med. 
22, 703 (1950)). 

On the hypothesis that low plasma argi- 
nine concentrations might result from the 
absence in nephrectomized animals of argi- 
nine released by the kidney and consequent 
lowered urea formation, these workers first 
determined the plasma arginine concentra- 
tions in fasted normal, renal pedicle-ligated, 
and nephrectomized rats. No significant 
differences in arginine levels were found in 
twenty-four and seventy-two hour prepara- 
tions. Having invalidated this hypothesis 
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they then studied liver arginase activity in 
rats operated upon in various ways and 
treated with various preparations. 

In adrenalectomized animals, decreased 
arginase activity was found, similar to the 
results obtained by other workers (Fraenk- 
el-Conrat et al., loc. cit.). Also similar to 
previous work was the finding of normal 
arginase activity in such animals treated 
with adrenal cortical extract and 11-dehy- 
drocorticosterone acetate. In 
mized-adrenalect omized 


nephrecto- 
animals enzyme 
values were similar to those of adrenalec- 
tomy alone, but when the double-operated 
rats were given adrenal steroids, increased 
levels, approaching those with nephrectomy 
alone, were found. It thus appears that 
adrenal cortical hormones are necessary for 
the increase in arginase which occurs follow- 
ing nephrectomy. 

The effect of partially purified crystalline 
growth hormone administration was also 
studied in renal pedicle-ligated and ne- 
phrectomized rats. This treatment resulted 
in significantly lower liver arginase activity 
than had been found in animals similarly 
operated but not receiving growth hormone. 
In addition, the average nonprotein nitrogen 
of the blood in the treated rats was lower 
than in the nontreated. 

This report does not vield a ready explana- 
tion for the decreased urea formation of the 
nephrectomized or pedicle-ligated rat, but 
it does serve to confirm the importance of 
the adrenal steroids in altering liver arginase 


NUTRITION APPLIED TO 


Certain neuropsychiatric disorders are 
accompanied by grossly inadequate or ex- 
cessive food intakes, resulting in a drastic 
change of the normal nutritional status in 
the direction of starvation and obesity, 
respectively. But the emphasis can be 


shifted the other way around. In addition to 
his interest in the role of emotional factors 
D. Moriarty, J. 


in malnutrition 


(cf. J. 
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activity. Pituitary growth hormone in this 
study appears to have an antiadrenal-corti- 
cal effect, the mechanism of which is not 
clear but may be related to its anabolic 
effect. 

In a previous review of the adrenal and 
alterations in nitrogen metabolism (Nu- 
trition Reviews 8, 173 (1950)) the evidence 
for the theory that adrenal steroids have 
their action primarily upon the degradation 
of whole protein molecules rather than upon 
amino acids was presented. Increase in the 
rate of protein catabolism appears to take 
place when adrenal hormones are given in 
large amounts, even in the animal whose 
hepatic artery and portal vein are ligated. 
Under these circumstances of absent liver 
function, plasma amino acid nitrogen in- 
creases are large, indicating marked pe- 
ripheral nonhepatic protein breakdown (P. 
Kk. Bondy, Endocrinology 45, 605 (1949)). 
However, the present paper and the pre- 
vious work referred to in this review indicate 
that there is a definite adrenal effect on the 
breakdown of the amino acid arginine and 
the subsequent formation of urea, at least 
insofar as it is measured by the presence of 
liver arginase. Nephrectomy does not appear 
to alter this effect. It is evident that further 
study of the role of the adrenal in amino 
acid catabolism and conversion processes 
is indicated in order to estimate fully the 
extent to which this aspect of intermediary 
nitrogen metabolism is affected. 


CLINICAL PSYCHIATRY 


Am. Acad. Applied Nutrition 3, 213 
(1950)), the psychiatrist is concerned with 
those nutritional deficiencies which result in 
neuropsychiatric symptoms. The use of diet 
therapy in patients with abnormal carbo- 
hydrate metabolism and ‘‘psychoneurotic”’ 
symptoms was discussed by 8. A. Portis (ef. 
Nutrition Reviews 8, 271 (1950)). 
Nutritional disorders are both a result and 
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a cause of psychiatric disturbances. The lat- 
ter fact and its implications for clinical 
psychiatry were considered by J. D. Mori- 
arty (Dis. Nerv. Syst. 12, 105 (1951)). 
Gross disturbances of central nervous sys- 
tem function, nutritional in origin, are seen 
in pellagra, in some cases of alcoholism, and 
in some geriatric patients. ‘Alcoholic poly- 
neuritis,” characterized by disturbed func- 
tion of the peripheral nerves, is due to die- 
tary deficiency rather than to any direct 
neurotoxic effect of the alcohol (M. B. 
Strauss, Am. J. Med. Sci. 189, 378 (1935)), 
and resembles the polyneuropathy seen in 
patients with beriberi. 

The nervous system is dependent for its 
adequate functioning on a normal carbo- 
hydrate metabolism. Since several vitamins 
of the B complex, notably thiamine and 
niacin, play an important role in the enzyme 
system involved in the proper utilization of 
glucose, the principal foodstuff of nervous 
function, one may expect that a deficiency 
of these vitamins will result in peripheral 


neuropathy and/or dysfunction of the 
cerebral cortex. There is recent evidence 
that Wernicke’s syndrome, characterized 


by clouding of consciousness and paralysis 
of ocular muscles, is a result of a nutritional 
deficiency, importantly involving thiamine 
(Nutrition Reviews 9, 126 (1951)). 

In psychiatric office practice it is not the 
syndromes associated with well marked 
“clinical” deficiencies but the neurasthenic 
symptoms, which may in some cases be 
ascribed to ‘‘subclinical’’ nutritional defi- 
ciencies, that are most important. These 
patients complain of fatigue, irritability, 
difficulty in concentrating, headache, back- 
ache, and other vague somatic disturbances. 
This syndrome has been produced experi- 
mentally in subjects fed a diet deficient in 


NEOVITAMIN A 


There have been repeated suggestions 
that, aside from the vitamin A potency of the 
various carotenes, there may be more than 
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of the B 
thiamine, but the author warns that it would 
be a serious error to assume that most cases 


vitamins complex, especially 


of neurasthenia may be attributed to avita- 
minosis B. The percentage of patients in 
whom this is true is not known with any 
acceptable degree of certainty. 

The author points out that as a rule these 
patients suffer not from a sharply specified 
nutritional deficiency such as athiaminosis, 
but from multiple deficiencies including not 
only various vitamins but also protein and 
essential trace minerals. He makes a rough 
estimate, not backed by the presentation of 
actual data, that 10 to 50 per cent of their 
complaints are nutritional in origin. The 
appetite is frequently impaired, resulting 
in an inadequate intake of the essential 
nutrients. At the same time, in part because 
of the symbolic aspects of such foods, their 
intake of sweets, pastries, and other refined 
carbohydrates may be excessive. Emotional 
tensions frequently cause disturbances of the 
gastrointestinal functions and interfere with 
the efficient absorption of the nutrients that 
are ingested. Such cases obviously demand 
a therapy combining comprehensive iu- 
tritional correction and psychiatric treat- 
ment. 

Moriarty is undoubtedly overenthusiastic 
in recommending that a careful nutritional 
inventory should be an integral part of 
every psychiatric study. But it cannot be 
denied that the dietary history may provide 
insight into some aspects of the emotional 
illness as well as reveal unsuspected and sig- 
nificant deficiencies in the food intake. The 
area of interrelationships between nutrition 
and personality merits a great deal of rigor- 
ous research, preferably by a team combining 
skills in neuropsychiatry, clinical psychol- 
ogy, medical nutrition, and dietetics. 


one vitamin A aleohol. Thus it has been 
stated (J. R. Edisbury, R. A. Morton, G. 


W. Simpkins, and J. A. Lovern, Biochem. 
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J. 32, 118 (1938)) that in the eyes, liver oil 
and oils from other viscera of fresh water 
fish, there occurs an analogue of vitamin A 
to which the name vitamin A» has been 
given. This factor differs from vitamin A in 
giving a color with antimony trichloride 
which shows an absorption band at 693 
mu whereas vitamin A when similarly 
treated shows the band at 620 my (E. A. 
Lederer and V. A. Rosanova, Biochimia 2, 
293 (1937)). Further studies showed that 
these two forms of vitamin A were alike in 
biopotency, that they were interconvert- 
ible in the rat, but that A» had a side chain 
longer by two carbon atoms and one more 
double bond than A, (A. E. Gillam, I. M. 
Heilbron, W. E. Jones, and Lederer, Bio- 
chem. J. 32, 405 (1938)). 

Another indication that more than one 
kind of vitamin A is present in fish liver oils 
was provided by studies in the erystalliza- 
tion of this factor (J. G. Baxter, P. L. Harris, 
k. C. D. Hickman, and C. D. Robeson, 
J. Biol. Chem. 141, 991 (1941)). Vitamin A 
was crystallized from organic solvents at 
low temperature and identified; however, 
there remained in the filtrate a noncrystal- 
lizable vitamin A with an ultraviolet ab- 
sorption spectrum identical to that of the 
crystals, but with a lower biopotency as 
indicated by the difference in conversion 
factor. Somewhat later a vitamer of vita- 
min A was isolated (Robeson and Baxter, 
Nature 155, 300 (1945); J. Am. Chem. Soc. 
69, 136 (1947)). It crystallized in light 
vellow needles melting at 59 to 60° C 
(vitamin A yellow prisms, melting point 
62 to 64° C), showed an absorption maxi- 
mum at 328 mu (BE 1.3. = 1675)(vitamin 
A = 1750), was an alcohol forming a red 
anthraquinone carboxylate melting at 130 
to 131° C (vitamin A anthraquinone 
carboxylate melting point 123 to 124° C), 
but on treatment with alcoholic hydrochloric 
acid formed the same anhydrocompounds 
as does vitamin A, though more slowly. It 
was suggested that the new compound was a 
geometric isomer of vitamin A having the 
cis-configuration at the double bond nearest 
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the hydroxyl group. The liver oils from the 
shark and the dogfish contained both this 
neovitamin A and vitamin A, (all-trans form) 
in a ratio of 1:2 and, on the basis of the 
promotion of growth in young rats, the 
two forms of vitamin A seemed to possess 
the same biopotency. The universality of the 
existence of neovitamin A is indicated by a 
study of synthetic vitamin A (J. D. Cawley 
et al., Science 107, 346 (1948)) in which it 
was found that the synthetic product which 
possesses the same constants as natural 
vitamin A also contains neovitamin A and 
vitamin A, in almost the same ratio as that 
in the fish liver oils, namely, 1:1.5 to 1:2. 
It was suggested that vitamin A, is in part 
converted to neovitamin A, both zn vivo 
and in vitro. 

Although tentative bioassays have indi- 
cated that neovitamin A possesses a high 
biologic potency, there have been sugges- 
tions that significant differences in the 
relative biologic activities of these two forms 
of the vitamin do exist, which have led to a 
recent re-evaluation (P. L. Harris, 8. R. 
Ames, and J. H. Brinkman, J. Am. Chem. 
Soc. 73, 1252 (1951)). Spectrophotometric 
determinations of the specific absorption of 
the two compounds were carried out, the 
estimated potency of the neovitamin A 
being secured by multiplying the E yc. 
328 mu by the factor ordinarily used for 
the all-trans vitamin A. These values pro- 
vided the basis for comparison in the bio- 
assays, based not only upon rat growth but 
also upon liver storage. Both the alcohols 
and the acetates of the two vitamins were 
examined. The results show that on the basis 
of the E values, neovitamin A has only 85 
per cent of the potency possessed by all- 
trans vitamin A when judged by growth. On 
the basis of liver-storage, the neovitamin A 
is again inferior to vitamin A, by a similar 
margin. When a mixture of one-third neo- 
vitamin A and two-thirds all-trans vitamin 
A was assayed biologically, the mixture 
showed 90 per cent of the potency of the 
reference (all-trans) vitamin A. An attempt 
was made to determine the extent of inter- 
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conversion of the neo- and all-trans forms 
of vitamin A in the rat, by feeding one or 
the other of the forms and then estimating 
quantitatively the relative amounts of each 
form stored in the liver. The data show that 
the rat can change one form to the other and 
that regardless of the form in the diet, an 
equilibrium mixture containing neovitamin 
A and all-trans vitamin A in the ratio of 
1:1 to 2:1 is deposited in the rat liver. This 
is markedly different from the 1:2 ratio in 
fish liver oils. 

Among the carotenoid pigments, 
basis for the existence of geometrical isom- 
erism exists in the system of conjugated 
double bonds present in the side chains, and 
the close structural relationship of those 


the 


pigments of this group which are provita- 
mins A therefore explains the isomeric 


vitamins A themselves (L. Zechmeister, 
Vitamins and Hormones 7, 57 (1949)). In 
the four biologically active carotenoids there 
are 148 possible stereoisomers, depending 
on the configuration around the double 
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bonds. Thus there may be all-trans forms, 
peripheral forms, and 
dicis forms centrally located and_ polycis 
forms of the carotenoids. It can be expected 


monocis mono- 


that any spacial rearrangement of the group 
in the molecule will produce some alteration 
in the biopotency of the provitamin. Studies 
with rats (H. J. Deuel et al., Arch. Biochem. 
23, 239 (1949)) have demonstrated that the 
vitamin A potency of neocryptoxanthin U 
is only 45 per cent that of all-trans crypto- 
xanthin. On the other hand there is an indi- 
cation (S. M. Greenberg ef al., Ibid. 24, 
31 (1949)) that in chicks polycis-y-carotene 
is somewhat superior in vitamin A potency 
than is the all-trans isomer. 

These newer observations on provitamins 
A and on vitamin A itself support the 
classical views on the biologic significance of 
stereoisomerism; they also indicate anew 
that nature has provided factors of safety 
which will insure nutritive success, given a 
reasonably intelligent approach to the 
practical aspects of nutrition. 


COPPER DEFICIENCY IN PIGS 


C. A. Elvehjem and E. B. Hart (J. Bvol. 
Chem. 95, 363 (1932)) demonstrated that 
copper along with iron is necessary for the 
formation of hemoglobin in the pig. Later 
at the same laboratory M. O. Schultze, 
Elvehjem, and Hart (/bid. 116, 107 (1936)), 
reported that 2 to 4 mg. of copper per pig 
per day were sufficient for hemoglobin 
formation during recovery from anemia 
produced on a cow’s milk diet supplemented 
with iron and manganese. 

tecently H. 8. Teague and L. E. Car- 
penter (J. Nutrition 43, 389 (1951)) have 
established the copper requirements of 
young growing pigs. In the course of the 
study certain deficiency symptoms de- 
veloped which have hitherto not been ob- 
served in copper-deficient animals. 

The test animals were Chester White 
pigs farrowed on a concrete floor. All pigs 
were taken from their dams at 4 to 10 days 
of age and placed in aluminum cages. They 





were fed a basal diet of raw whole cow’s 
milk, to which was added 1.05 and 0.21 mg. 
per liter of manganese and iodine respec- 
tively and adequate amounts of vitamins 
A and D. Care was exercised to keep copper 
contamination of milk and feeding vessels 
to a minimum. Periodic analysis of the basal 
diet showed it to contain from 0.05 to 0.15 
mg. 
mg. 


of copper per liter with a mean of 0.08 


In the first experiment 7 pigs were fed 
the copper-deficient milk diet ad libitum 
and received a supplement of 10 mg. of 
ferric sulfate per pig daily for thirty 
days. At that time the iron supplement was 
discontinued for 3 of the pigs, and was 


increased to 15 mg. per pig daily for the 
remainder. 

Hemoglobin values increased slightly dur- 
ing the first twenty days and thereafter 
gradually declined to levels of 2 to 4 g. 
per cent by the sixth or seventh week. Omit- 
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ting iron from the diet did not accelerate the 
development of the anemia, nor did copper 
alone alleviate the anemia in such animals. 
Increased hemoglobin formation was initi- 
ated only when both iron and copper were 
supplied. 

During the fourth week of the experiment 
an unusual leg condition that resembled 
rickets developed in one animal. The front 
legs were spread at the top as though the 
body attachment had weakened, and the 
lower portion of the leg turned inward, thus 
resembling the bowlegged appearance of 
rickets. The hind legs were abnormally 
crooked and lacked rigidity. Eventually the 
hind legs were drawn under and although 
paralysis did not appear, the ability to use 
the legs for body support was lost. By the 
end of the tenth week 4 pigs were unable to 
stand and all pigs had developed this ab- 
normal rickets-like 
degrees of severity. 

Although the condition resembled rickets, 
trebling the vitamin A and D intake had no 
therapeutic effect. [ron supplements were 


condition in varying 


likewise ineffective. Two mg. of copper per 
pig daily appeared to arrest the further de- 
velopment of the condition and in all cases 
where copper and iron were tried there was 
marked improvement. In only one case, how- 
ever, was complete recovery accomplished. 

In the experiment, essentially 
similar results were observed. X-ray studies 


second 


showed no evidence of rickets. In this ex- 
periment 3 pigs each received 2 mg. of 
copper daily in addition to an iron supple- 
ment, and no leg abnormalities or lack of 
muscle coordination occurred in any of these 
control animals. The abnormal leg condition 
was usually observed to develop when the 
copper deficiency had developed to the point 
where the blood hemoglobin had declined 
to 6 g. per cent. 

Blood copper levels declined to between 
24 and 34 mg. per cent in the copper-deficient 
pigs after seven weeks, contrasted with levels 
of 121 to 175 mg. per cent in the control 
animals receiving copper. 
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Samples of leg muscle from deficient 
animals were examined histologically. Pre- 
liminary findings indicated a marked atro- 
phy and degeneration of the muscle fibers, 
and considerable interstitial edema. 

From the data in the first 2 experiments 
it was noted that deficiency symptoms ap- 
peared when the copper intake was lowered 
to about 0.035 mg. per pound of body weight 
per day. In the third experiment the intake 
of copper relative to body weight was con- 
trolled in an attempt to establish the 
specific quantitative requirement. Twelve 
pigs, in lots of 3 animals each, received 
copper supplements as follows: lot 1, 0.025; 
lot 2, 0.035; lot 3, 0.050; and lot 4, 0.70 
mg. per pound of body weight. One addi- 
tional lot of 5 pigs (lot 5) received no cop- 
per. Pigs in lots 1 through 5 received 20 mg. 
of iron per pig daily. Lot 6 of 3 pigs received 
2 mg. of copper per pig daily but no iron. 

When killed the mean blood copper values 
were 40, 63, 92, 145, and 44 mg. per cent for 
lots 1, 2, 3, 4, and 5 respectively. Copper 
deficiency symptoms developed in pigs of 
lots 1 and 5 ift four weeks and appeared in 
2 of the 3 pigs in lot 2 in six weeks. The ex- 
periment was terminated after seven weeks. 
No deficiency symptoms developed in ani- 
mals receiving 0.050 mg. or more of copper 
per pound of body weight daily. 

The abnormal leg condition and the ap- 
parent extensive atrophy of muscle tissue 
observed in copper deficiency in the pig is a 
new and hitherto unrecorded reaction to a 
deficiency of this element. 

It should be that abnormalities 
other than anemia have been noted in copper 


noted 


deficiency in animals. Loss of hair was ob- 
served as a prominent symptom in rabbits 
(Nutrition Reviews 6, 102 (1948)). A marked 
decrease in wool production occurred and 
the capacity to impart crimp to the wool 
fibers failed in sheep maintained on copper- 
deficient diets. Thus it is apparent that in 
addition to anemia, the copper deficiencies 
involve tissues that are high in protein, 
namely muscle tissue, fur, and wool. 
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NOTES 


Letter to the Editor 
Dear Sir: 

Your review 
Proteins and Sugars”’ in the May number is 
of great interest. Your excellent discussion of 
the work of Lea et al. was of particular inter- 
est, since Biochim. et biophys. acta is not 
readily available to us. 

In the introductory paragraphs of the 
paper mention is made of the recent dis- 


“*Dry’ Reactions Between 


covery of the possible lowering of the bio- 
value of 
You state: “The initial observation which 
prompted systematic study of this problem 
was the demonstration by K. M. Henry, 
Ss. Kk. Kon, C. H. Lea, and J. C. White 
(J. Dairy Res. 15, 292 (1948)) that skim 
milk powder, deteriorating ‘spontaneously,’ 
decreased in biologic value as time went on.”’ 
Are you aware that Henry and Kon have 
an earlier publication on this subject 
(Biochem. J. 39, xxvi (1945))? The paper 
of Henry and Kon was of interest to the 


logic proteins during storage. 


personnel of our laboratory, and research on 
the problem resulted in the publication of 
“Changes in the essential amino acid con- 
tent of the proteins of dry skim milk on 
prolonged storage,”’ :#rch. Biochem. 12, 51 
(1947), by A. Z. Hodson and G. M. Krueger. 
The investigations on the storage of dry 
skim milk were preceded by others on 
grains. D. B. Jones, J. P. Divine, and C. E. 
I’. Gersdorff (Cereal Chem. 19, 819 (1942)) 
have shown that the feeding value of corn 
protein decreases on storage, and H. H. 
Mitchell (Ind. Eng. Chem. (Analyt. Ed.) 16, 
G96 (1944)) has reported decreases, on 
storage, in the biologic value of the proteins 
of soybeans and corn. No attempt has been 
made to establish whether or not still earlier 
publications on the subject exist. 
Apritan Z. Hopson 
Research Laboratories 
Pet Mill: Company 
Greenville, Illinois 


The Absorption of a Fructose Phosphate 
Ester 


Since hexoses are absorbed from the in- 
testinal tract at a fairly constant rate, prob- 
ably by phosphorylation in the mucosal cells, 
S. Natelson, M. Klein, and B. Kramer (/. 
Clin. Invest. 30, 50 (1951)) thought that 
perhaps a hexosephosphate ester given by 
mouth might be absorbed directly and _ per- 
haps more rapidly than the hexose itself. 
The calcium salt of fructose diphosphate 
was studied. The calcium salt was used in 
the hope of preventing abnormally high 
blood levels of phosphate. Six grams of this 
material were given by mouth in a single 
dose to 12 patients after a fasting blood had 
been drawn. Blood samples were then taken 
each hour for three hours and were analyzed 
for total, inorganic and organic nonprotein 
phosphorus, as well as for calcium, citrate 
and protein content. The individual studies 
were performed on hospitalized patients with 
no apparent impairment of intestinal func- 
tion. 

A rise in blood organic nonprotein phos- 
phorus occurred following the administra- 
tion of the fructose ester and was evident 
by the first hour, usually reached its peak 
by the first or second hour and declined 
toward normal by the third hour. There 
was an average rise of 173 per cent over the 
fasting value. In contrast, the inorganic 
phosphorus rose but slightly with the peak 
value of 15 per cent rise above the fasting 
determination. There was little if any change 
in the calcium, total protein or blood citric 
acid. 

As a control, the same material was ad- 
ministered to 5 patients after the fructose 
diphosphate ester was hydrolyzed. In this 
instance essentially no change or a very 
slight rise in the organic nonprotein phos- 
phorus of the blood occurred. These results 
suggest that at least part of the fructose 
diphosphate ester was absorbed as such. 
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CLINICAL NUTRITION BRIEFS 


“Parenteral nutrition will succeed only 
if the caloric demands of the patient who is 
unable to eat can be met, either parenterally 
or from his own stores. When such body 
stores are lacking, as is usually the case in 
chronic wasting diseases, caloric needs can- 
not be adequately met by the parenteral 
preparations now available. Accordingly, 
the need for a more effective intravenous 
calorigenic material is urgent. Fat emulsions 
plainly offer the only practical solution to 
this problem.” (Nutrition Reviews 9, 193 
(1951), Calorie Priorities in 
Nutrition.) 


Parenteral 


“Since the patients included in this study 
had unsuccessfully attempted weight control 
previously by use of a low calorie diet, the 
weight reduction and consequent improve- 
ment in diabetes may be attributed to use 
of amphetamine. This is further established 
by the fact that 40 per cent regained weight 
when the drug was stopped. It is perhaps 
disappointing that more of the patients were 
not sufficiently impressed with the health 
gains accruing from the regimen of weight 
reduction to continue a program of control.” 
(Nutrition Reviews 9, 198 (1951), Ampheta- 
mine in Treatment of Obesity Associated 
with Diabetes.) 


“The results of the second survey in Ba- 
taan province indicated that after two years 
of rice enrichment the beriberi incidence 
had declined from 12.76 to 1.55 per cent of 
the population in the experimental area and 
to 8.7 in the control area. Furthermore, the 
severity of the disease diminished greatly in 
the experimental area so that cases of frank 
beriberi had almost disappeared. It was 
observed, on the other hand, that the se- 
verity of the disease actually increased in 
the control area for no known reason. A 
decline in beriberi incidence occurred in one 
control area, but this was traced to infiltra- 
tion of enriched rice into 20 to 30 per cent of 


the homes in this municipality.”? (Nutrition 
Reviews 9, 218 (1951), Artificial Enrichment 
of White Rice in the Philippines. ) 

“One of the marked biochemical effects 

of the rice-fruit diet was a lowering of the 
serum cholesterol level from the average 
control value of 233 mg. per cent to 158 mg. 
per cent after thirty-three days on the diet. 
The decrease in the serum cholesterol level 
from a normal level is not likely to play a 
specific role in the observed lowering of the 
blood pressure. In the reduction of the blood 
pressure the salt restriction is certainly im- 
portant but the specific mechanism remains 
uncertain and is probably complex. It was 
observed, both under laboratory and field 
conditions, that semistarvation alone with 
no restriction in salt intake reduces blood 
pressure in both normotensive and hyper- 
tensive individuals.” (Nutrition Reviews 9, 
233 (1951), Blood Pressure and Body 
Composition qn the Rice-Fruit Diet.) 
“Milk substitutes have aided greatly in pro- 
viding adequate nutrition for infants and 
children allergic to milk. Strained meats and 
casein hydrolysates are two sources of pro- 
tein that have been used for this purpose. 
These same proteins have been used in the 
feeding of premature infants. The nitrogen 
absorption in premature infants was 90.6 
per cent on formulas consisting of half- 
skimmed milk plus 10 per cent added carbo- 
hydrate. On a similar formula in which meat 
supplied 30 per cent of the protein intake, 
the absorption of nitrogen was 86.0 per 
cent. When meat was the sole source of 
protein, the nitrogen absorption was 82.2 
per cent. Nitrogen utilization, however, was 
greater in the infants receiving all or part of 
their protein in the form of strained meat. 
Consequently, the nitrogen retention was 
comparable for both groups.” (Nutrition 
Reviews 9, 242 (1951), Protein Supplements 
in the Feeding of Premature Infants.) 





